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B5 3/21/72 Letter from Richard Leonard (Plant Manager - Alliance), to Sam Friscia, Director

of Publ ic Works, Newark
B6 3/27/72 Letter from Richard Leonard of A l l i a n c e to Edwin Barnhart of Hydroscience Inc.
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A l l i a n c e Chemical Inc . ' s water usage and p lan t waste.
BIO 6/21/72 Let ter from Richard Leonard of A l l i a n c e to Sam Friscia, Director of Publ ic Works,
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BI2 1/24/90 Summary - A l l i a n c e Color and Chemical Company, General Information and Site
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SOURCES OF DIOXIN IN THE AREA

INTRODUCTION AND INSTRUCTIONS

This report, Sources of Dioxin In The PRRI Area, is organized to present specific evidence
compiled on certain Potentially Responsible Parties ("PRPs") and their association with
sources of dioxin in the Passaic River Restoration Initiative ("PRRI") Area. The PRRI Area
includes the Passaic River Study Area ("PRSA").

Report Organization

The contents of this report are organized into a set of five, (5), binders which serve to provide
the following information:

e A narrative section which provides an overview and background on dioxin formation;
e A figure which provides the locations of the dioxin-associated PRPs identified to-date

in the PRRI and PRSA areas;
e An overall Sources of Dioxin evidence summary chart;
» Select PRP case summaries with associated site location figures in the PRRI and PRSA;
« Analytical chemistry data obtained during sediment sampling and investigation

activities conducted throughout the PRRI and PRSA areas;
« USEPA, trade and other technical reference materials relating to dioxin formation; and
o Tabbed sections containing copies of regulatory and other open source documentation

that comprises the evidence associating each PRP with the formation of dioxin.

The background narrative section, dioxin reference materials, PRP locations figure, evidence
summary chart, PRP case summaries, site figures and sediment chemistry data are all located
in Volume 1 of this report.

The PRP-specific evidentiary materials have been organized for review in Volume 2 through
Volume 5, inclusive, of this report.

Sources Of Information

It should be noted that the evidentiary materials have been compiled from various publicly
available information sources. These open sources include, but are not limited to:

° The United States Environmental Protection Agency ("USEPA");
o The New Jersey Department of Environmental Protection ("NJDEP");
0 Historical records of the Passaic Valley Sewerage Commissioners ("PVSC");
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« Sewer infrastructure and discharge records of the City of Newark, the City of Clifton
and Passaic County, NJ;

o Affidavits obtained from former employees of certain PRPs;
Q Records obtained from online public and proprietary database information services; and
® General historical materials obtained from library sources in Newark, Clifton and

Passaic, NJ.

Summary

The evidence summary charts, associated figures, PRP case summaries, and dioxin
association evidence are all arranged in a geographical progression, organized to read as if
traveling from south to north in the PRSA and PRRI areas.

It is the objective of this report that the reader reviews the dioxin association information
provided on the figures, case summaries, analytical data and evidence summary chart. The
reader should then refer to the tabbed sections to review the detailed evidence compiled and
presented for each PRP of interest.

This report serves to provide an interim compilation of those PRPs identified to-date, which
are known to be associated with the formation of dioxin in the PRRI and PRSA areas.
Ongoing efforts may serve to identify additional PRPs that are associated with dioxin
formation.

September 4, 2002



89
O

£• s
<6 Hw a

rt>



i minHVi



- ~

T<fci A (CU /^V< 10 /A\

4



o

o

D

O

o



o o o

SlPM

O

o

o--

) (0

o IK



o

o

o



o o

O
V fio



o



O



^W(Q)
o o





o

O



TT T^T^C^TPiT^TnTri11 JnMs)JUllUJUL>J

,o o o



o o



o

o



, o o



o



o o) two mm



o

0

o

o

m®



ssft®



o /auui jiAU/\y/ 10X0)1

PTK>IM A

_J IM!

O

<|0 O

(QM



TUIOCX TOP

m oaaai cw-srrt PW

A CLASS I * I DKSOt PHP

CLASS • OKJ50N ftp

DKHON IOATCD PROCESS PHP

IDENTIFICATION OF
DIOXIN SOURCES

BBL,



o ©M© o o o



o

o o

o

o

o



GIVAUDAN-ROURE
CORPORATION

LEGEND:

SHORELINE/DISCHARGE ROUTE

APPROXIMATE FACILITY BOUNDARY

FLOW DIRECTION

5000' 10000'

APPROXIMATE SCALE

MONTROSE
CHEMICAL
COMPANY

BAYONNE BARREL
AND DRUM COMPANY

LJ ON--. OFF=-REF'
P: PAGESET/PLT-»P
8/27/02 S1R-S*-L>F LAF
09994023/09994B22.DWG

TERRA SOLUTIONS, INC.

PRP LOCATIONS WITHIN
THE PRRI AREA



- 70 Lister Avenue
(NOW SHERWIN

WILLIAMS)

LtfiEMB

o
0

21A

- 61A

93A
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APPROXIMATE FAOUTY BOUNDARY

MUDFLATS (SURNtYED 1086)

RIVER CENTERUNE
STATION DESIGNATION ABOVE
DOWNSTREAM BOUNDARY OF THE
PASSAIC RIVER STUDY AREA

SEDIMENT (LATE SUMMER/EARLY FALL 1999)

SEDIMENT (LATE SUMMER/EARLY FALL 1999 AND SPRING 2000)

1991 CORE SEDIMENT INVESTIGATION

1892 CORE SEDIMENT INVESTIGATION

1993 (JULY) CORE SEDIMENT INVESTIGATION

HISTORICAL AND PRESENT DAY OUTFALLS
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POSITIVES OF AERIAL PHOTOMETRICS SURVEY (1982) [ADJUSTED
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Lister Avenue Area Historical Soil Sample Data
As of September 4, 2002

Class I Organics:
2,4-Dichlorophenol

2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

Class I & H Pesticides:
Pentachlorophenol

Alpha-BHC
Beta-BHC

Gamma-BHC (Lindane)
Delta-BHC

Dioxin Precursor Chemicals:
Chlorobenzene

1 ,2,4-Trichloroben/ene
1 ,2-Dichlorobenzene
1 ,4-Dichlorobenzene
1,3-Dichlorobenzene
Class III Organics:

Phenol
Hexachlorobenzene

Other PRP-related chemicals:
Bis(2-ethy Ihexy l)phthalate

DDT
DDE
ODD

Endosulfan
PCB 1248
PCB 1260

Total Cyanide (ppm)

Montrose
Chemical

23,000
160

4,800

2,100
2,3000,000

100,000
100,000
46,000

65,000
71,000,000

160,000
730,000
38,000

340,000
10,000

176,000
17,000,000

520,000
710,000

930
25,000
50,000

176

80 Lister

1,400,000
1,700,000

3,600

ND
ND

130,000
ND
ND

170,000
17,000
13,000
49,000
3,400

13,000
620,000

14,000
5,090,000
297,000
370,000

8,900
ND
ND
34

120 Lister

800
3,500
ND

ND
50,000
28,000

ND
ND

120
850
190
910
ND

220
44,000

90,000
480,000
7,500
17,100

ND
ND
ND
2.14

Sherwin
Williams

210
ND
ND

ND
NA
NA
NA
NA

5,000,000
7,200

390,000
1,800,000

NA

470
1,400

1,100
850
170
850
NA
NA
NA
NA

Hilton Davis

NA
NA
NA

NA
NA
NA
NA
NA

2,800
15,569
25,008
14,487
5,448

240,000
947,459

7,315
NA
NA
NA
NA
ND
1.44
NA

Volatile, Semivolatile, Pesticide/PCB, and Herbicide compounds are reported in PPB; NA = Not analyzed;
XX — Detected compounds used/produced by Montrose only; JXX| — Detected compounds used/produced by both Montrose and Diamond.
Compounds listed by category designation include both listed compounds and related process wastes. Peak detected on-site concentrations listed.
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- 7O Lister Avenue
(NOW SHERWIN

WILLIAMS)

Thomasett/Hilton Davis

UtSLtMC

. 23-:

G -01

O
©

21A

- 61A

93A

IMS RI-IWP CHEMICAL CORE LOCATION

1995 RI-IWP GEOTECHNICAL CORE LOCATION

SHORELINE/DISCHARGE ROUTE

APPROXIMATE FACILITY BOUNDARY

MUDFLATS (SURVEYED 1900}

RIVER CENTERUNE

STATION DESIGNATION ABOVE
DOWNSTREAM BOUNDARY OF THE
PASSAJC RIVER STUDY AREA

SEDIMENT (LATE SUMMER/EARLY FALL 1099)

SEDWENT (LATE SUMMER/EARLY TALL 1999 AND SPRING 200O)

1991 CORE SEDIMENT INVESTIGATION

1992 CORE SEDIMENT INVESTIGATION

1993 (JULY) CORE SEDIMENT INVESTIGATION

HISTORICAL AND PRESENT DAY OUTFALLS

BASEMAP SOURCE: TOPO-METRICS. T-IOO'. ORIGINAL MYLAR
POSITIVES OF AERIAL PHOTOUETRICS SURVEY (1982) [AOAISTED
TO DIFFERENTIAL GLOBAL POSITIONING SYSTEM-SUBVEYED
MUDFLAT LOCATIONS, 19B9.J

TIERRA SOLUTIONS. INC.
PASSAIC RIVER STUDY AREA

SITE AREA CHEMISTRY FIGURE

FIGURE

1



Montrose Sediment Chemistry

Montrose

On-Site
CORE #
PR9914

Class I Organics:
2,4-Dtchlorophenol

2,4,5-Tnchlorophenol
2,4,6-Tnchlorophenol

Class I & II Pesticides:

Pentachl oropnenol

Ganima-BHC (Lindane)

Dioxin Precursor Chemicals:

Chlorobenzene

1,2,4-Trichlorobenzene
1,2-Dicnlorobenzene
1,4-Dichlorobenzene

1,3-Dichlorobenzene

Class III Organics:

Hexachl orobenzene
Other PRP-related chemicals

Bis(2-ethylhexyl)phtlialate

Total Cyanide (ppm)

Volatile, Semivolatile, Pesticide/PCB, and Herbicide compounds are reported in PPB; NA = Not analyzed;
XX - Detected compounds used/produced by Montrose only; JXXJ - Detected compounds used/produced by both Montrose and Diamond.
Compounds listed by category designation include both listed compounds and related process wastes.

= Concentration is above mean based on the PRSA sediment sampling data. = Concentration is in the top 20 hits based on the PRSA sediment sampling data.
= Highest concentration detected in the PRSA, based on PRSA sediment sampling data.
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GIVAUDAN-ROURE
CORPORATION

05B

APPROXIMATE FACILITY BOUNDARY

SHORELINE/APPROXIMATE DISCHARGE ROUTE

1991 CORE SEDIMENT INVESTIGATION

74A
-9- 1993 (MARCH) CORE SEDIMENT INVESTIGATION
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GIVAUDAN-ROURE
CORPORATION

YANTACAW
POND

THIRD
RIVER

F06RA

PASSAIC RIVER

LEGEND:

APPROXIMATE FACILITY BOUNDARY

SHORELINE/APPROXIMATE DISCHARGE ROUTE

1986 PASSAIC RIVER SEDIMENT STUDY
SAMPLING LOCATION

1991 CORE SEDIMENT INVESTIGATION

74A
-G- 1993 (MARCH) CORE SEDIMENT INVESTIGATION

F04MAV 7F04RA

2000'

GRAPHIC SCALE

4OOO'

X: 09994X00.0*0
L: ON-'. Off=-REF-

SlD-PAGESEr/AP
8/27/02 SYR-54-GMS LAF LAF
0999 4023/0999*821 .DWG

SITE LOCATION MAP

GIVAUDAN-ROURE
CORPORATION FACILITY



Givaudan Sediment Chemistry
HAZARDOUS
SUBSTANCE

(PPB)

2,4,5-Trichlorophenol

2,4-Dichlorophenol

Naphthalene

Lead

Manganese

Zinc

2,3,7,8-TCDD (PPB)

CONC. IN
SITE SOILS

(+)

890,000

230,000

480,000

3,870,000

57,600

211,000

214

CORE

#5

ND

ND

ND

413,000

251,000

394,000

0.720

CORE

#6

ND

ND

320,000

197,000

254,000

No Data

0.015

CORE

#73

ND

ND

ND

47,800

89,300

65,200

0.002

CORE

#74

ND

ND

ND

368,000

430,000

488,000

0.086

F04MA

NA

NA

NA

NA

NA

NA

2

FO4R
A

NA

NA

NA

NA

NA

NA

2.6

FO5M
A

NA

NA

NA

NA

NA

NA

ND

FO5RA

NA

NA

NA

NA

NA

NA

9.3

FO6MA

NA

NA

NA

NA

NA

NA

ND

FO6RA

NA

NA

NA

NA

NA

NA

0.092

ND = Not detected.
(+) = Highest detected concentrations in site soil.

I = Concentration is above mean based on the PRSA sediment sampling data.
^^^ = Concentration is in the top 20 hits based on the PRSA sediment sampling data.
^^5 = Highest concentration detected in the PRSA, based on PRSA sediment sampling data.



o

o
o „ o

o

o



GJVAUDAW-ROURE
CORPORATOON

MONTROSE
CHEMICAL
COMPANY

LEGEND:

SHORELINE/DISCHARGE ROUTE

APPROXIMATE FACILITY BOUNDARY

FLOW DIRECTION

5000'

APPROXIMATE SCALE

10000'

BAYONNE BARREL
AND DRUM COMPANY

ON = >. OfF=«REF-
P: PAQESET/PLT-AP
8/27/02 S>R-5+-LAF LAF

TIERRA SOLUTIONS. INC.

PRP LOCATIONS WITHIN
THE PRRI AREA



BAYONNE BARREL
AND DRUM
COMPANY

92A

LEGEND:

0 CSO OUTFALL

SHORELINE/DISCHARGE ROUTE
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Rl SAMPLING TRANSECT

- SEDIMENT SAMPLING LOCATION

0 1993 (JULY) CORE SEDIMENT INVESTIGATION
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GRAPHIC SCALE
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SITE LOCATION MAP
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BAYONNE BARREL
AND DRUM
COMPANY

92A

LEGEND:

B CSO OUTFALL

SHORELINE/DISCHARGE ROUTE

APPROXIMATE FACILITY BOUNDARY

Rl SAMPLING TRANSECT

O SEDIMENT SAMPLING LOCATION

0 1993 (JULY) CORE SEDIMENT INVESTIGATION

> FLOW DIRECTION

GRAPHIC SCALE

L ON-'. OFF = «S£T-
SID-PACE SET/AP

07/27/02 SYR-51--CM5 L»F Uf
09994<J2J/M994612J)WG

SITE LOCATION MAP

BAYONNE BARREL AND
DRUM COMPANY FACILITY



Hazardous Substance

(PPM)

Bis (2-ethylhexyl) phthalate

Barium

Cobalt

Mercury

Alpha Chlordane

Gamma Chlordane

DDD

DDE

DDT

Endrin Aldehyde

Chlorobenzene

Aroclor 1248

Aroclor 1254

Aroclor 1260

2,3,7,8-TCDD (PPB)

Total TCDD Equivalents/TEQ (PPB)

CONC. IN
SITE SOILS

(+)

1500

6880

2690

43.9

1.2

1.3

1.4

6.4

0.860

0.065

2.8

3400

430

120

2.85

911

CORE

#207

140

366

19.5

11.6
HH^IHMHHIHi

^^^E^^^^^l^^^^^^^^^^^^B

^^^E^^^^^l^̂ ••••••••M

2.300

1.790

379

•U^Hg|Hg l̂|̂ IH

ND

5.310

i^H^^Hiw&yBKSu^^^^^^l
EIS&^M^HM^^HM

2.110

8.45

No Data

CORE

#208

60

299

17.1

17.5

0.101

0.0835

0.075

0.181

17.2

ND

ND

2.570

1.410

ND

1.91

No Data

CORE

#209

200

338

16.3

18.9

0.095

0.086

0.779

0.496

431

0.043

ND

4.320

2.530

ND

17.4

No Data

ND = Not detected.
(+) = Highest detected concentrations in site soil.

= Concentration is above mean based on the PRSA sediment sampling data.
= Concentration is in the top 20 hits based on the PRSA sediment sampling data.

j. jiJ = Highest concentration detected in the PRSA, based on PRSA sediment sampling data.







Sources of Dioxin in tmPPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Airwick Industries, Inc., (Ciba-Geigy,
Inc.), 111 -179 Commerce Road,
Carlstadt, NJ 1962-1991

Moonachie Creek or Berrys Creek
to Hackensack

44 ppt 2,3,7,8-TCDD in
onsite drainage ditch
sediments.

Givaudan Corporation, Chemical
Division, 110-125 Delawanna Ave.,

8 Clifton, NJ

14
Standard Chlorine Chemical Co., 1015-
1035 Belleville Turnpike, Kearny, NJ 1962-1995

Hexachlorophene Class I organic compound

1913-1999

Onsite chemical sewer to pond on
Third River to Passaic

200 ppb 2,3,7,8-TCDD
onsite.

Hexachlorophene (Isobac 20);
2,4-Dichlorophenol; 2,4,5-
Trichlorophenol

Peak concentration of 720
ppt in Third River sediments Benzaldehyde; Fumaric acid

Class I organic compound

Class III organic compound

2,3,7,8-TCDD detected in
onsite lagoon sediments at
70 ppb. EPA Phase II
sampling.

o-dichlorobenzene; 1,2,4-
Trichlorobenzene; Maleic
anhydride; Bromobenzene Class III organic compounds

26
Prentiss Drug & Chemical Co., Inc.,
338 Wilson Avenue, Newark, NJ

Located on Hackensack River, site 2,3,7,8-TCDD was detected
is underlain by system of drains, in both sediment cores 33A
on-site lagoon that drain to River, and 34A (up to 0.12 ppb)
NPDES permit for discharge to adjacent to the site in the Chlorinated benzene
Dead Horse Creek to Hackensack. Hackensack River. formulations

2,3,7,8-TCDD was detected
onsite at 200 ppb, and in

1953-1982 onsite at 0.9ppb. Lindane Class II pesticide compound

September 4, 2002 1 of 29



Sources of Dioxin in tffis PRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Sampling of the North
Channel of Port Newark
detected concentrations

Pearson's Creek to Port Newark ranging to 0.55 ppb chlorophenol and mono- to
(North Channel) (dredged area). tetra - manufacture/process

September 4, 2002 2 of 29



Sources of Dioxin in tmTPRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Montrose Chemical Corp./ Sobin Direct discharges to Passaic River,
Chemicals/ International Mineral & also via discharges to Brown St. Low levels of 2,3,7,8-TCDD
Chemical Corp./ Chris Craft Corp., 100 CSO and Lockwood St. Storm detected in limited onsite 2,4,-D and 2,4,5-T

29 Lister Avenue, Newark, NJ Sewer. sampling. Manufacturing. Class I oganic compounds.
1942-1978

Significantly elevated
concentrations of 2,3,7,8-
TCDD detected in Passaic
River sediments adjacent to
site. Propanil Class II organic compound

1,2,4-Trichlorobenzene Class III organic compound

Dundee Dam (Owned by Dundee
Water and Power Co.) - Extended
from Dundee Canal at Ackerman
Avenue to the canal's terminus at the
Passaic River. Block 3.7/Lot 1 (site 2,3,7,8-TCDD detected at

34 11). Passaic, NJ constructed in late 1880s low levels in sediments
Passaic River

Dundee Water and Power Company
(Dundee Canal) - Block 54/Lot 1
(6 acres of canal and .1 land (site 2). 2,3,7,8-TCDD detected at

35 Passaic, NJ constructed in late 1880s low levels in sediments
Passaic River

September 4, 2002 3 of 29



Sources of Dioxin in tTrePRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Dundee Water and Power Company
(Dundee Canal) - Extended from
Dundee Canal at Passaic/Clifton
border to Ackerman Avenue in Clifton.
Block4.14/Lot 1 (Site 9).

36 Passaic/Clifton border. constructed in late 1880s
Passaic River

2,3,7,8-TCDD detected at
low levels in sediments

PSE&G Essex Generating Station, 155 Low levels of 2,3,7,8-TCDD
46 Raymond Blvd., Newark, NJ Site is adjacent to Passaic River, detected onsite. Boilers/Industrial Furnaces

2,3,7,8-TCDD was detected
at up to 11.6 ppb in core 214
in the site vicinity. Oil Combustion

Coal combustion

September 4, 2002 4 of 29



Sources of Dioxin in tPRTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Bayonne Barrel & Drum Co. (BB&D),
150 and 154 Raymond Boulevard,

53 Newark, NJ

Harrison Creek (site drainage and
process discharges) to Passaic
River.

White Chemical Co., Hook Rd. and E.
22nd Streets, Bayonne, NJ 1961 - 1983

Documented: settling pond
discharges to Platty Kill Creek to
Kill Van Kull.

Aceto/Arsynco, Foot of 13th Street,
Carlstadt, NJ

Significant dioxin
concentrations (TEQs)
detected onsite; 2,3,7,8-
TCDD peaks at Drum & Barrel Reclamation

2,3,7,8-TCDD was detected
at 8.45 ppb in sediment core
207 adjacent to the outfall of
Harrison Creek to the
Passaic River.

1983: USEPATier 1 dioxin
testing at site inconclusive
due to laboratory issues.

2,3,7,8-TCDD was detected
in both sediment cores in
the vicinity of the site in the
Kill Van Kull - (up to 0.042
ppb)

2,4-Dibromophenol;
Pentabromophenol;
Tribromophenol

2,4,6-
Class I organic compounds

Pentabromotoulene

Hackensack via NPDES Permit;
Potential Berry's Creek discharger 3,5-Dichlorosalicylic acid

Class III organic compound

Class I! organic compound

September 4, 2002 5 of 29



Sources of Dioxin in tmTPRSA and PRRI Areas

Name of PRP

Inmont Corporation, 13th St.,
Carlstadt, NJ

Scientific Chemical Processing Co.,
Inc., 216 Paterson Plank Road,

6 Carlstadt, NJ

Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Potential Berry's Creek discharger 3,5-Dichlorosalicylic acid Class II organic compound

Direct discharges to Peach Island
Creek to Berry's Creek to
Hackensack.

Site not addressed by EPA 2,4-Dichlorophenol identified in
dioxin sampling program. site soil.

Peach Island Creek
sediments contaminated; no 1,2,4-trichlorobenzene
dioxin sampling. identified in site soil.

NJDEP cites potential for
dioxin generation via
incomplete combustion of
PCBs during 1970 fire.

Class I organic compound

Class III organic compound

Shulton Toiletries, Inc., 697 Route 46,
Clifton, NJ

NPDES-permitted discharge to
Passaic river.

o-chlorophenol

o-dichlorobenzene

Class II organic compound

Class III organic compound

September 4, 2002 6 of 29



Sources of Dioxin in trfifpRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

16

Alliance Chemical Co,/ Pfister
Chemical Co., Inc., 33 Avenue P,
Newark, NJ 1945-2001

Limited sampling conducted Site contaminants: 2, 4-
in 1985 for 2,3,7,8-TCDD Dichlorophenol, 2,4,5-
was N.D. Trichlorophenol. Class I organic compound

2,3,7,8-TCDD was detected
in core samples collected

Plum Creek to Passaic from onsite from Plum Creek and the
wastewater lagoon; Roanoke Ave. Passaic River in vicinity of
CSO to Passaic post-1975. site outfalls/pathways.

20
Crompton & Knowles Color, Inc., 52
Amsterdam Street, Newark, NJ CSO case

Products: 2-chloro-1,4
diethoxy-5-nitrobenzene;
5-chloro-2,4-diethoxyaniline
1,2,4-Trichlorobenzene

unspecified dyes

Chlorophenols and mono -to •
tetra manufacture/process

Manufacture of organic
intermediates for use in the
textile, paper and pigment
industries.

o-chlorophenol

Class II organic compound
Class III organic compound

Class II organic compound

September 4, 2002 7 of 29



Sources of Dioxin in tmfPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Fairmount Chemical Co., Inc., 117
21 Blanchard Street, Newark, NJ Blanchard St. Storm Sewer

Rutgers University, Newark Campus,
360 Martin Luther King Boulevard,

28 Newark, NJ CSO case.

30
Troy Chemical Corp., 1 Avenue L,
Newark, NJ 1956-Present

Pearson's Creek to Port Newark
(North Channel)

Low levels of 2,3,7,8-TCDD
detected onsite during EPA
Lister Ave. sampling.

2-Chloro-1,4-diethyoxy-5-
nitrobenzene, Formulation of
agricultural mixes. Class II organic compound

Significant concentrations of
2.3.7.8-TCDD detected in
Passaic River sediments in
vicinity of outfall.

o-chlorophenol Class II organic compound

No dioxin sampling
conducted at site. Creek
sediments are heavily
contaminated with site-
derived contaminants.

Sampling of the North
Channel of Port Newark
detected concentrations
ranging to 0.55 ppb
(dredged area).

o-chlorophenol

1,2,4-Trichlorobenzene;
dinitrophenol

Class II organic compound

2,4-
Class III organic compound

September 4, 2002 8 of 29



Sources of Dioxin in tmTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Hoffman La Roche Corp., 340
32 Kingsland Street, Nutley, NJ

CSO case, minor discharge to
Third River from onsite POTW.

Cosan Chemical Corp., 400 14th St., NPDES-permitted discharger to
40 Carlstadt Hackensack.

o-chlorophenol

Picric acid; 2,4-
dinitrophenol

Medical Waste Incineration

2,4,6 - trichlorophenol

Phthalic Anhydride, o -
dichlorobenzene

Class II organic compound

Class III organic compound

Class I organic compound

Class III organic compound

September 4, 2002 9 of 29



Sources of Dioxin in tmTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

ISP Van Dyk, Inc., Main & William
2 Streets, Belleville, NJ 1940-

Fritzsche, Dodge & Olcott, Inc., 85
7 Third St., Clifton, NJ Potential Third River disharger

Sun Chemical Corp., East Rutherford NPDES permit to discharge to
10 Pilot Plant, East Rutherford, NJ Hackensack River.

Bordered on southwest by Berry's
Creek. Ackerman's Creek flows
through the site and into Berry's

Universal Oil Products Co. (UOP) NPL Creek. Site is at approximately
Site, Route 17 & Paterson Plank river mile 8. NPDES discharge to

11 Road, East Rutherford, NJ Hackensack

Tenneco, 290-300 River Drive,
12 Garfield, NJ 1969-1990

Fumaric acid Class III organic compound

Benzaldehyde, Phenyl ether Class III organic compound

o-dichlorobenzene Class III organic compound

Benzaldehyde Class III organic compound

Benzaldehyde, Fumeric acid Class III organic compound

September 4, 2002 10 of 29



Sources of Dioxin in tFRTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

13
BASF Wyandotte Corp., 50 Central
Avenue, Kearny, NJ

1935-1964: United Cork. 1964-
1990 BASF.

Located on Passaic River at
Newark bay.

Site samples not analyzed
for dioxin.

2,3,7,8-TCDD detected in
core samples adjacent to
the site (0.094 ppb) and in
core samples upstream of
the site (4.56 ppb) that are
heavily contaminated with
other compounds
associated with this site.

Universal Flavors, Subs. Of Universal
Foods Inc., 265 Harrison Avenue,

15 Kearny, NJ 1984-

Phthalic anhydride;
Benzaldehyde; 2,4-
dinitrophenol. Class III organic compound

Building fires in 1920s

Industrial waste incineration

Cork bleaching and/or steam
pressing.

unspecified dyes

Manufacture of a avriety of
chemical products including
organic plasticizers, dyestuffs
and chemical intermediates.

Phthalic Anhydride,
Benzaldehyde Class III organic compound

September 4, 2002 11 of 29



Sources of Dioxin in tnWPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

17
Ashland Chemical Company, 221
Foundry Street, Newark, NJ 1968-1988

Storm Sewers and drains to
Passaic River via Roanoke Ave.
Sewer.

Chemical Leaman Tank Lines, Inc., 80
18 Doremus Avenue, Newark, NJ 1970 - 1999

Site is located directly on the
Passaic River, site drainage via
Harrison Creek storm sewer and
direct runoff.

No onsite dioxin sampling
conducted.

2,3,7,8-TCDD detected in
core samples collected in
vicinity of Roanoke Ave.
CSO.

No onsite dioxin sampling
conducted.

2,3,7,8-TCDD detected @
8.45 ppb in core samples (
207) collected in vicinity of
Harrison Creek outfall.

Phthalic Anhydride, Phenyl
ether, chlorobenzene, o-
dichlorobenzene, maleic
anhydride, 1,2,4-
trichlorobenzene.
Repackaging and shipping of
chemicals, manufacture of
alkyd resins, polyesters and
plasticizers. Class III organic compounds

2,4-dinitrophenol Class III organic compound

Chemical Waste Management, Inc.,
19 107 Albert Avenue, Newark, NJ 2,4-dinitrophenol Class III organic compound

September 4, 2002 12 of 29



Sources of Dioxin in tfifrPRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

2,4-Dinitrophenoxy-ethanol;
Hummel Chemical Company, Inc., Roanoke Ave. Storm sewer, from 3,5-D'mitrosalicylic acid;
Foundry Street Complex, 185 Foundry 'drains on the Foundry St. complex No onsite dioxin sampling Hexachlorobenzene; Picric

22 Street, Newark, NJ site. conducted. acid Class III organic compound

Numerous dioxin - associated
2,3,7,8-TCDD detected in compounds detected in site
core samples collected in soil and sediment including 2,4
vicinity of Roanoke Ave. - dichlorophenol and 2,4,6 -
CSO. trichlorophenol

ML Spencer Kellog, Inc., 400 Doremus Adjacent to Passaic river at Plum No dioxin sampling
23 Avenue, Newark, NJ Creek outfall. conducted at site. Phthalic Anhydride Class III organic compound

unspecified dyes
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Sources of Dioxin in trrcrPRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Pittsburgh Plate Glass Company, Inc.
(PPG), 29 Riverside Avenue, Newark,

24 NJ 1921-1978 Phthalic Anhydride. Class III organic compounds

2,3,7,8-TCDD was detected
at relatively high levels in
core 10 adjacent to the site
(up to 32 PPB) and Transect

Adjacent to Passaic River at 26 downstream from the site Unspecified Dyes and
northern PRSA boundry. (up to 27 ppb.) Pigments

Formulation and manufacture
of various resins, pigments,
linseed oil, paints, lacquer,
enamels and varnishes.
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Sources of Dioxin in tn^PRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Monsanto Corporation, Foot of
25 Pennsylvania Ave., Kearny, NJ

Adjacent to Passaic River; site
storm sewers drain to river;
potential drainage from onsite
wastewater lagoons.

Albert Steel Drum, 338 Wilson Avenue,
27 Newark, NJ Rear of Prentiss Drug site.

UMDNJ, Medical Building A-699, 100
31 Bergen Street, Newark, NJ CSO case

Omi International Corp. Sel-Rex, 75
33 River Road, Nutley, NJ

Town of Secaucus - Mill Creek
Treatment Plant, Koelle Boulevard,

39 Secaucus, NJ

Pitt Consol Chemical Co., Inc./ Reilly
Tar/E. I. Dupont, 191 Doremus

41 Avenue, Newark, NJ 1932 - 1981

No dioxin sampling
conducted at site.

Maelic Anhydride,
chlorobenzene

2,3,7,8-TCDD was detected
at up to 4.4 ppb in sediment
core 217 and at up to 0.83
ppb in core 77A in the site
vicinity. PVC production

Product (STP) bleaching

Drum & Barrel Reclamation

2,4-dinitrophenol

2,4-dinitrophenol

2,4-dinitrophenol

No dioxin sampling
conducted at site. Picric acid

Class III organic compounds

Class III organic compound

Class II! organic compound

Class III organic compound

Class III organic compound
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Sources of Dioxin in tnfPpRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

2,3,7,8-TCDD detected in
core samples collected in

Roanoke Ave. Sewer - illegal vicinity of Roanoke Ave.
process discharges. CSO. Asphalt mixing plant

Hilton Davis/Thomasset, 120 Lister Site is immediately adjacent to the No dioxin sampling Phthalic Anhydride, o-
73 Avenue, Newark, NJ Passaic River conducted onsite. dichlorobenzene Class III organic compound

Significant dioxin
contamination of sediments
adjacent to site. Phthalocyanine dyes
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Sources of Dioxin in tnffpRSA and PRRI Areas

Years of Operation / Discharge Dioxin Contamination
Name of PRP Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Franklin Plastics/Congoleum Corp., Site is immediately adjacent to the '
78 113 Passaic Avenue, Kearny, NJ Passaic River No dioxin samping onsite. PVC production

2,3,7,8-TCDD was detected
at relatively high levels
adjacent to the site in cores
284 and 296 -- within the top
20 PRSA hits. Other site
contaminants were detected
at similarly elevated Suspected use of fumaric acid
concentrations in these and maleic anhydride based
samples. on Congoleum patents Class III Organic Compounds

Use of dyes, pigments and
printing inks

Manuacturing builiding fires,
use of waterproofing and
fireproofing compounds
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Sources of Dioxin in tPRTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Arkansas Chemical Co., 185 Foundry Roanoke Ave. CSOto Passaic No dioxin sampling
101 St., Newark, NJ River conducted at site.

Dyes, pigments and printing
inks

2,3,7,8-TCDD detected in
core samples collected in
vicinity of Roanoke Ave.
CSO.

Numerous dioxin - associated
compounds detected in site
soil and sediment including 2,4
- dichlorophenol and 2,4,6 -
trichlorophenol. Additionally,
pentachlorophenol and 1,2,4
trichlorobenzene were detectd
in basement water. Class I I organic compounds

Process Sources Associated with Dioxin PRPs
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Sources of Dioxin in tffifpRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Oioxin Contamination
Routes . (Site and Sediments) Chemical and/or Process Dioxin Relationship

Koppers Companyjnc., Maritime & Storm sewers to North channel of
42 Tyler Streets, Port Newark, NJ Port Newark.

Koppers Companyjnc., Tar Products
43 Division, Fish House Rd., Kearny, NJ

PSE&G Hudson Generating Station,
Duffield and Van Keuman Aves.,

44 Jersey City, NJ

PSE&G Kearny Generating Station,
foot of Hackensack Avenue, Kearny, Site is adjacent to Hackensack

45 NJ River.

Creosote and wood
preservation operation

Asphalt mixing plant

Coal combustion

Coal combustion

Oil Combustion

PSE&G Essex Generating Station, 155 Low levels of 2,3,7,8-TCDD
46 Raymond Blvd., Newark, NJ Site is adjacent to Passaic River, detected onsite. Boilers/Industrial Furnaces

2,3,7,8-TCDD was detected
at up to 11.6 ppb in core 214
in the site vicinity. Oil Combustion

Coal combustion
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Sources of Dioxin in tffePRSA and PRRI Areas

Name of PRP

PSE&G Harrison, South 4th Street,
47 Harrison, NJ

Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

No dioxin sampling
conducted at site.
Admission of "suspected"
dioxin onsite in PVSC

Site is adjacent to Passaic River, application. Boilers/Industrial Furnaces

PSE&G former Market St. Gas Works,
48 Market St., Newark, NJ Site is adjacent to Passaic River.

PSE&G former Front St. Gas Works,
49 McCarter Highway, Newark, NJ Site is adjacent to Passaic River.

2,3,7,8-TCDD detected in
cores in site vicinity. Coal Combustion/gasification

Boilers/Industrial Furnaces

Coal Combustion/gasification

Boilers/Industrial Furnaces

Coal Combustion/gasification
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Sources of Dioxin in tffirPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

PSE&G former Coal St. Generating
50 Plant, Coal St., Newark, NJ Site is adjacent to Passaic River.

PSE&G former City Dock Station,
51 Penn Station, Newark, NJ Site is adjacent to Passaic River.

PSE&G Bayonne Generating Station,
52 Bayonne, NJ Kill Van Kull

(former Hobart Ave.
Gas Works)

Crucible Steel Company, 1000 S.
54 Fourth Street, Harrison, NJ

Stanley Tools, 140 Chapel Street,
55 Newark, NJ

Standard Tank, 1 Ingham Road,
56 Bayonne, NJ

Boilers/Industrial Furnaces

Coal Combustion/gasification

Boilers/Industrial Furnaces

Coal Combustion/gasification

Coal combustion/gasification

Foundry

non-ferrous metal smelting
and refining

Electric Arc Furnaces

Foundry

Hazardous waste incineration
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Sources of Dioxin in trUfpRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes . (Site and Sediments) Chemical and/or Process Dioxin Relationship

MSLA 1B (Keegan) Landfill, Foot of
57 Bergen Avenue, Kearny, NJ

PJP Landfill, 400 Sip Avenue, Jersey
58 City, NJ

Essex County Resource Recovery, 66
59 Blanchard Street, Newark, NJ

Englehard Industries, 1 West Central
60 Avenue, East Newark, NJ

Englehard Industries, 429 Delancy St.,
61 Newark

Barth Smelting, Lister and Chapel
62 Streets, Newark, NJ

Hyatt Roller Bearing, 700 Frank E.
63 Rodgers Blvd., Harrison, NJ

64 Napp-Grecco, Route 21, Newark, NJ

Landfill fires

Landfill fires

Municipal Waste Incineration

Chlorobenzene, 1,2-
Dichlorbenzene

Non-ferrous metal
smelting/refining

Non-ferrous metal
smelting/refining

Non-ferrous metal
smelting/refining, foundries

Non-ferrous metal
smelting/refining, foundries

Asphalt Mixing Plant

Precursor, Class III Organic Compound
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Sources of Dioxin in tWPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Exxon Bayway Refinery, Route 1,
65 Linden, NJ

Exxon Bayonne Plant, Foot of East
66 22nd Street, Bayonne, NJ

Sinclair Refining, Chapel St., Newark,
67 NJ

Triplex Oil Refining Co., Lister Ave.,
68 Newark

Lucent Technologies (Western
69 Electric), 100 Central Ave., Kearny, NJ

Thomasett Colors, 338 Wilson Ave.,
70 Newark, NJ

Cyanamid/Calco, 358 Wilson Avenue,
71 Newark, NJ

Sun Chemical Co., 185 Foundry
72 Street, Newark, NJ

74 Duralac, 84 Lister Avenue, Newark, NJ

Petroleum Refining

Petroleum Refining

Petroleum Refining

Petroleum Refining

Scrap electric wire recovery

Dyes, pigments and printing
inks

Dyes, pigments and printing
inks

Dyes, pigments and printing
inks

Dyes, pigments and printing
inks

I
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Sources of Dioxin in trrePRSA and PRRI Areas

Name of PRP

Benjamin Moore, 134 Lister Avenue,
75 Newark, NJ

Sherwin Williams Company, 60 Lister
76 Avenue, Newark, NJ

DuPont de Nemours, 256 Vanderpool
77 Street, Newark, NJ

Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Dyes, pigments and printing
inks

Dyes, pigments and printing
inks

Dyes, pigments and printing
inks
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Sources of Dioxin in tmTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

79
NJ Transit Meadows Yard, 1148
Newark Turnpike, Kearny, NJ

Site is immediately adjacent to
Passaic river - Pumping station
and Frank's Creek discharges. No dioxin sampling onsite.

Runoff from railway and utility
rights of way (to ditches)

Sediments in area of site are
signifiantly contaminated
with dioxins.

80

Conrail Oak Islands Yard, foot of Bay
Ave. and Wheller Point Rd., Newark,
NJ

Runoff from railway and utility
rights of way (to ditches)

81

Direct outfall (bypass) to Newark
Passaic Valley Sewerage Commission, Bay. Sludge loading, unloading
600 Wilson Ave., Newark, NJ and willful discharge.

Wastewater treatment plants /
municipal sludge
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Sources of Dioxin in tffifPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

82

Alcan Aluminum Co., Tomkins
Tidewater Terminal, 1 Jacobus Ave.,
South Kearny, NJ

Site is immediately adjacent to
Passaic River; historical discharge No dioxin sampling
of process-related wastes. conducted onsite.

PVC production, metal
plating.

2,3,7,8-TCDD was detected
at up to 17.4 ppb in
sediment core 209
downriver from the site, as
well as upriver of the site.
Other site contaminants
were found at top twenty
levels in these same
samples.

83

84

Whittaker, Clarke and Daniels,
Jacobus Ave., South Kearny, NJ

Schering Corp., 60 Orange Street,
Bloomfield.NJ

Phthaloncyanine Dyes

Hospital (medical waste)
incineration
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Sources of Dioxin in tfrePRSA and PRRI Areas

Name of PRP

Tri - County Asphalt, foot of Sanford
85 Ave., Kearny, NJ

Kingsland Barrel & Drum, Doremus
86 Ave., Port Newark

Iron Oxide, 125 Front Street, Elizabeth
87 NJ

Columbus Hospital, 495 North 13th
88 Street, Newark, NJ

Newark Beth Israel Hospital, 201
89 Lyons Avenue, Newark, NJ

St. Michael's Medical Center, 306 MLK
90 Boulevard, Newark, NJ

The Hospital Center at Orange, 188
91 South Essex Avenue, Orange, NJ

West Hudson Hospital, 206 Bergen
92 Avenue, Kearny, NJ

St. Francis Hospital, 25 McWilliams
93 Place, Jersey City, NJ

Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Asphalt mixing plant

Drum & Barrel Reclamation

Ferrous metal smelting/refining

Hospital (medical waste)
incineration

Hospital (nedical waste)
incineration

Hospital (medical waste)
incineration

Hospital (medical waste)
Incineration

Hospital (medical waste)
incineration

Hospital (medical waste)
inciineration
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Sources of Dioxin in me PRSA and PRRI Areas

Name of PRP

Irvington General Hospital, 832
94 Chancellor Avenue, Irvington, NJ

East Orange General Hospital, 300
95 Central Avenue, East Orange, NJ

Clara Maas Hospital, 1 Clara Mass
96 Drive, Belleville, NJ

Jersey City Sewerage Authority, Rt.
97 440 and Kellog St., Jersey City, NJ

ICI Americas, 229 E. 22nd St.,
98 Bayonne, NJ

Commercial Solvents Corporation,
99 Foot of Blanchard St., Newark, NJ

Naporano Iron & Metals, 146 China
100 St., Port Newark.

Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

Hospital (medical waste)
incineration

Hospital (medical waste)
incineration

Hospital (medical waste)
incineration

Sewage Sludge Incineration

Wastewater treatment
plants/municipal sludge

Hazardous Waste Incineration

Scrap electric wire
recovery/scrap metal
reclamation

Scrap electric wire
recovery/scrap metal
reclamation
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Sources of Dioxin in trKTPRSA and PRRI Areas

Name of PRP
Years of Operation / Discharge Dioxin Contamination
Routes (Site and Sediments) Chemical and/or Process Dioxin Relationship

102 Rose Color, Blanchard St., Newark, NJ

Conrail Waverly Yards, Bessemer &
103 Haynes Streets, Newark, NJ

Conrail Greenville - Tropicana Yards, 9
104 Linden Ave., Jersey City, NJ

Garden State Paper Co., Inc., 950
105 River Drive, Garfield NJ

Marcal Paper Mills, Inc. 1 Market St.,
106 Elmwood Park, NJ

Clifton Paper Board Co. / Whippany
Paper Board Co., 1 Ackerman Ave.,

107 Clifton, NJ

Newark Boxboard Co., 17 Blanchard
108 St., Newark, NJ

Dyes, pigments and printing
inks

Runoff from railway and utility
rights of way (to ditches)

Runoff from railway and utility
rights of way (to ditches)

Pulp / Paper mills

Pulp/ Paper mills

Pulp / Paper mills

Pulp / Paper mills
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Index of Priority Dioxin PRP Case Summaries

A - Prentiss Drug & Chemical Company & Site Figures

B - Al l iance Chemical Company & Site Figures

C - BASF Wyandotte Corporation & Site Figures

D - Arkansas Chemical/Hummel & Site Figures

E - Bayonne Barrel & Drum Company & Site Figures

F - Public Service Electric & Gas (PSE&G) Essex Generating
Station & Site Figures

G - Essex County Resource Recovery Facility & Site Figures

H - Thomasett Color/Hilton Davis, Inc. & Site Figures

I - Montrose Chemical Company & Site Figures

J - Givaudan-Roure Corporation & Site Figures





Prentiss Drug & Chemical Co,

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

The Prentiss Drug & Chemical Company (Prentiss) site,
approximately 9-acres in size, is located at 338 Wilson Avenue in
Newark. Essex County, New Jersey.

Commencing in 1956, the Prentiss operations at the site centered on
the formulation and blending of a variety of pesticides, rodenticides
and herbicides. These products included, but were not limited to,
aldrin, chlordane. diazanone, DDT, DDVP, dieldrin, endrin,
heptachlor. lindane, methoxychlor and warfarin. Prentiss was located
at the site un t i l circa 1982, when the company moved its Newark
operations to Georgia.

The site was originally operated by American Cyanamid Company-
and its predecessor Calco Chemical Company - starting from prior to
1939 through approximately 1950. Between 1951 and 1956, and at
various time from that point to present, the site was utilized as a
multi- tenant manufacturing complex.

Other historical , non-Prentiss, operators and operations at the site
have included dye production (American Cyanamid), drum
reconditioning (Albert Steel Drum), chemical manufacturing (Troy
Chemical and also Welch Homes & Clark) and waste disposal and
landfil l ing operations (Cuba Brothers, Fiore and also Courtesy
Container). The City of Newark Housing and Redevelopment
Authority reportedly has owned the property from 1977 to present.

The production of halogenated hydrocarbon pesticides, such as those
pesticides produced at the Prentiss facility, is often associated with
the by-product production of dioxin.

For example, pentachlorophenol was utilized as a raw material in the
pesticide production at the Prentiss facility. Pentachlorophenol is
listed by the USEPA as USEPA as a Class I pesticide chemical.
Further, Lindane, one of the pesticide final products produced at the
Prentiss operation, is listed by the USEPA as a Class II pesticide
chemical.

2,3.7.8-TCDD was historically generated as a manufacturing by-
product from the Prentiss pesticide production operations and
subsequently discharged to site soils and to the on-site Pearson's
Creek surface waterway.
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Prentiss Drug & Chemical Continued

DISCHARGE Direct Discharges to Pearson's Creek:
ROUTES: Documentation indicates that a network of concrete lined drainage

trenches at the Prentiss facili ty were routed into an exterior drainage
ditch which in turn was routed into Pearson's Creek. Of note, these
concrete l ined trenches were reportedly cracked in various locations.
Process discharges, air emissions, spills and leaks collected via these
concrete trenches would have been routed to the drainage ditch, then
to Pearson's Creek and u l t imate ly discharged into Newark Bay.

On-sitc Flooding:
The Prentiss site has been documented to have routinely flooded after
rain events due to surface water backing up from the on-site Pearson's
Creek waterway. The advancing and receding floodwaters from
Pearson's Creek would have served to transport hazardous substances
from site process areas, raw materials, stored products, and site soils
into Pearson's Creek and ul t imately to Newark Bay.

DIOXIN Sampling of soils at the Prentiss site has served to document the
CONTAMINATION: presence of 2,3,7,8-TCDD contamination at the site. The levels of

TCDD contamination in the site soils ranged from non-detect to 214
PPB.

TCDD was also detected in the sediments of the Pearson's Creek
waterway that traverses the Prentiss site. The concentration of TCDD
in the Pearson's Creek sediments ranged from 0.2 to 0.9 PPB.

Further, TCDD has been identified to be present in the sediments of
Newark Bay, located adjacent to the outfall of Pearson's Creek into
the bay. TCDD contaminat ion in the bay sediments near the
Pearson's Creek outfal l ranged from 0.18 to 0.55 PPB.

The presence of elevated concentrations of TCDD in the Prentiss site
soils, in conjunction with known elevated TCDD sediment
contamination in both Pearson's Creek and in Newark Bay, supports
the historical transportation of hazardous materials from the Prentiss
site to Newark Bay. Specifically, it documents that TCDD
contaminat ion from the historical Prentiss operations, has been
transported via the Pearson's Creek waterway and deposited into
Newark Bay.

Other hazardous substances known to be present in soils at the
Prentiss site have been documented in sediments of the Pearson's
Creek waterway and in Newark Bay. These hazardous substances
include, but are not l imited to, chlordane, dieldrin, DDE, endrin and
PCBs. This fact further supports the historical transport of hazardous
substances from Prentiss' operations to Newark Bay via Pearson's
Creek.
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Prentiss Drug & Chemical Continued

REFERENCES: Please refer to Appendix A for the following:

Tab # Date

Al 7/17/80

A2 8/12/80

A3 8/15/80

A4 2/13/81

A5 2/20/81

A6 9/1/83

A7 12/85

A8 10/92

A9 3/93

A10 Undated

Description

Industr ia l Work Order for Prentiss Drug &
Chemical

Passaic Valley Sewerage Commissioners.
Sewer Connection Application for Prentiss
Drug & Chemical Co., Inc.

Letter from Richard Mil ler , Executive VP of
Prentiss, to Frank D'Ascensio, Supervisor of
Indus t r ia l Waste, Passaic Valley Sewerage
Commissioners

Letter from Richard Miller of Prentiss, to
Vincent Olivo, Technician for Passaic Valley
Sewerage Commissioners

Certified-Return Receipt of above letter

Letter from Richard Miller of Prentiss, to
Edward Stevenson, Manager, Industrial Survey
Project, NJDEP. Attached is a selected
substance report

Phase II Dioxin Site Investigation Final Report,
Prentiss Drug & Chem. Co., Inc. by NJDEP

Feasibi l i ty Study Report for Albert Steel
Drum/Prentiss and Chemical Site, submitted to
NJDEP

Phase II Remedial Investigation Report for
Albert Steel Drum/Prentiss and Chemical Site,
submitted to NJDEP

Prentiss Drug and Chemical Company, General
Information and Site History
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Alliance Chemical Company/
Pfister Chemical Company, Inc.

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

The Alliance Chemical Company Site is located at 33 Avenue P,
Newark, NJ approximately !/2 mile from the Passaic River.

Alliance manufactured specialty organic chemicals including: dyes,
diazo compounds, zinc compounds and pigments from raw materials.
All iance reportedly began operations at the site in the 1930s time
period. As of 1965. the Alliance Chemical Company was acquired by
Pfister Chemical Company. From 1965, Alliance Chemical
continued to operate at the Newark site as an operating division of
Pfister Chemical. The All iance operations were discontinued as of
2000.

Alliance is known to have stored, used and/or produced hazardous
substances associated with the generation of dioxin.

• Alliance manufactured USEPA Class II organic compounds
2-chloro-l,4-diethoxy-5-nitrobenzene and 5-chloro-2,4-
diethoxyaniline.

• Alliance utilized USEPA Class HI organic compound 1,2,4-
trichlorobenzene.

• USEPA Class I organic compounds; 2,4-dichlorophenol and 2,4,5-
trichlorophenol were identified in site soil/sediment in the former
process waste discharge area.

Chemical manufacturing processes utilized in the production of dyes,
pigments and inks - including those processes known to have been
utilized by Alliance - have been reported by the USEPA as being
strongly associated with the by-product generation of dioxin and
furan compounds.

Alliance discharged process effluent to Plum Creek until 1970. Plum
Creek is a tributary of the Passaic River. Unlined site trenches,
wastewater lagoons and a facility pond were all reported as being part
of an effluent collection system that is known to have historically
discharged to the creek. As early as 1948, Alliance reportedly
discharged an unspecified yellow-colored liquid to a storm ditch
leading o Plum Creek. There are also numerous historical
documented instances of Plum Creek flooding the Alliance site during
storm events.
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Alliance Chemical/Pfister Chemical Continued

DISCHARGE
ROUTES
CONTINUED:

DIOXIN
CONTAMINATION:

REFERENCES:

In 1970, Alliance was connected to the Passaic Valley Sewerage
Commission (PVSC) sanitary sewer system. It is likely that even after
the PVSC connection, effluent from Alliance continued to enter the
Passaic River by way of overflow from the Roanoke Avenue
combined sewer outfal l .

Onsite sampling conducted on site in 1989 by NJDEP detected
concentrations of 2,4,5-trichlorophenol, 2,4-dichlorophenol and 1,2,4-
trichlorobenzene at depth in the area of the onsite lagoon and trench
formerly used by All iance for waste disposal. The samples were not
analyzed for dioxin. Sampling conducted for dioxin in 1985, as
requested by USEPA, was negative for locations elsewhere onsite.
However, samples planned for the former lagoon area and trench
were not collected.

2,3,7,8-TCDD has been detected in samples for Plum Creek and the
Passaic River in the vicinity of the Alliance site outfalls and discharge
pathways. Additionally, significant concentrations of other site
contaminants have been detected in Plum Creek and PRSA
sediments, including a "top twenty" detect of 1,2,4-trichlorobenzene.

Please refer to Appendix B for the following:

Tab # Date

Bl 1/11/66

B2 1/20/66

B3 12/18/69

B4 12/24/69

B5 3/21/72

B6 3/27/72

Description

Letter from Major F.R. Ulrich (A.C.E), to
Al l iance Color & Chemical Company

Letter from Alliance Color & Chemical Co.,
to Major F.R. Ulrich (A.C.E)

Letter from Passaic Valley Sewerage
Commissioners, to Judson Merl (Plant
Engineer) of Pfister Chemical Inc.

Memo from Pfister Chemical Inc. to Jud
Merl.

Letter from Richard Leonard (Plant Manager
- Alliance), to Sam Friscia, Director of
Public Works, Newark

Letter from Richard Leonard of Alliance to
Edwin Barnhart of Hydroscience Inc.
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Alliance Chemical/Pfister Chemical Continued

B7

BS

B9

4/11/72

5/4/72

5/10/72

BIO 6/21/72

Bll 6/27/72

B12

B13

1/24/90

1/28/94

B14 8/8/01

B15 8/17/01

Requisition/Purchase Order from Richard
Leonard of Alliance to Tim Sullivan of
Hydroscience

Letter from Tim Sull ivan of Hydroscience,
Inc. to Richard Leonard of Alliance

Waste Effluent Survey from Passaic River
Sewerage Commissioners noting Alliance
Chemical Inc.'s water usage and plant waste.

Letter from Richard Leonard of Alliance to
Sam Friscia. Director of Public Works,
Newark

Letter from Richard Leonard of Alliance to
The Mayor of Newark, Kenneth Gibson

Summary - Alliance Color and Chemical
Company, General Information and Site
History

Letter from Fredi Pearlmutter of Kerby,
Cooper, English, Danis & Garvin,
Counselors at Law to Lance Richman of the
Emergency & Remedial Response Division
of the U.S. Environmental Protection
Agency

Letter from Charles Ilsley, Jr. (Manager
Environmental Affairs) of Pfister Chemical
Inc., to Darryl Jennus (Chief Field
Verification Section) of the Bureau of
Discharge Prevention, NJDEP

Letter from Charles Ilsley, Jr. of Pfister to
Christopher Lucien (Project Engineer) of the
Bureau of Discharge Prevention, NJ
Department of Environmental Protection
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BASF Wyandotte Corporation

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

Located at 50 Central Avenue, Kearny, New Jersey. The BASF site is
on the east bank of the Passaic River at Newark Bay.

BASF operated at this site from 1966 to 1990. Prior to 1966, the site
was operated by the United Cork Companies for the manufacture of
cork and polystyrene products. The United Cork Companies was
ultimately acquired by and merged into BASF. BASF manufactured a
variety of chemical products, including plastics, dyestuffs and various
chemicals and chemical intermediaries. The main product manufactured
by BASF at this site was Phthalic Anhydride (PA).

Hazardous substances stored, used or produced at the facility include the
following Class III organic compounds: phthalic anhydride,
benzaldehyde and 2,4-dinitrophenol.

Onsite activities suspected to contribute to dioxin contamination
include, building fires (1920s), industrial waste incineration, cork
bleaching, steam pressing and the manufacture of unspecified dyes.

Municipal Sanitary Wastewater Discharges
BASF historically discharged its sanitary wastewaters to the municipal
sanitary sewer system of the Town of Kearny.

Process Wastewater Discharges to Incinerator
From 1966-1971, BASF incinerated all process water and contaminated
storm water in its on-site hazardous waste incinerator. Evaporation
ponds were constructed in the southern end of the site and used from
1971-1976 to reduce the volume of wastewater materials incinerated in
the on-site incinerator.

Facility Wastewater Treatment Plant
From 1976-1990, BASF completed and operated a Wastewater
Pretreatment Facility (WPF) in the area of the evaporation ponds.
Process wastewater from the Dye and PA plants, and contaminated
storm water, was routed to the WPF for pretreatment prior to being
discharged to the Kearny MUA. Effluent from the WPF was discharged
to the Kearny MUA. The collected sludge from the WPF was
incinerated on-site up until closure of the incinerator in 1989.

Non-Contact Cooling Water Discharges
Non-contact water generated from the facility's boiler room and PA
plant was discharged directly to the Passaic River via a New Jersey
Pollution Discharge Elimination System (NJPDES) permitted Discharge
to Surface Water (DSW) permit.
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BASF Continued

DIOXIN On site samples were not analyzed for dioxins. Core samples adjacent to
CONTAMINATIO me site ar>d upstream from the site indicate the presence of 2,3,7,8-
jy. TCDD in concentrations of 0.094 ppb and 4.56 ppb respectively.

The areas where the core samples were taken are also heavily
contaminated with other compounds associated with the site.

REFERENCES: Please refer to Appendix C for the following:

Tab#

Cl

C2

C3

C4

C5

C6

Date

1965

Undated

1972

Undated

Circa
1/30/74
4/26/90

C7

C8

C9

CIO

C l l

C12

C13

Circa
5/89

8/90

8/90

8/90

8/90

4/21/93

1/28/94

Description

Poor's Register of Corporations, Directors and
Executives, US & Canada.

Data on Individual Products to be Manufactured.

List of Chemicals Used.

Lists of Equipment; storage tanks, bed processing.

Report on BASF history and methods of disposal.

Hazardous Waste Generator Annual Report (1989)
Certification Form -Report from BASF to the NJ
Department of Environmental Protection.

Notice of Final Denial of a Hazardous Waste
Incinerator Permit Application from NJDEP to BASF.

BASF Spill Location Plan, O'Brian & Gere
Engineers, Inc.

BASF Sanitary Sewer Plan, O'Brian & Gere
Engineers, Inc.

BASF Storm Sewer Plan, O'Brian & Gere Engineers.

BASF Process Sewer Plan, O'Brian & Gere
Engineers, Inc.

Letter to Dale Webster, BASF from NJDEP.

Letter to Lance Richman, Emergency and Remedial
Response Division, U.S. EPA, from David Schneider
of Bressler, Amery & Ross, Counselors at Law;
attached is BASF Corporation's response to a request
for information.
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BASF Continued

C14 11/30/95 Letter from Nancy Martin, Senior Attorney BASF
Corporation to Lance Richman, Emergency and
Remedial Response Division, U.S. EPA Attached is
BASF's response to a request for Information from
11/6/95.

C15 10/98 Remedial Action Work Plan for BASF Corporation's
Kearny, New Jersey Facility, Prepared by Dames &
Moore.
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Arkansas Chemical/Hummel
Chemical
LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

The Arkansas Chemical/Hummel Chemical site is located at the Foundry Street
Complex, 185 Foundry Street, Newark, NJ at river mile 0.2. .

From 1943-1983 Arkansas Chemical manufactured chemicals for the textile
industry including dyes, pigments and printing inks on site.

Hummel Chemical Company operated a chemical warehouse and distribution
center on-site from the mid 1950s to the late 1960s. Facility operations were
reported to have also included the grinding of nitrates. Hummel supplied
chemicals to the pyrotechnics industry. Though only limited information is
available regarding Hummel's operations on site, it is probable that they
included the reaction and mixing of chemicals in the powdered form.

Chemical manufacturing processes known to have been utilized by both
Arkansas Chemical and by Hummel - specifically those processes centering on
the manufacture of dyes, pigments and inks — are reported to be strongly
associated with the by-product generation of dioxin and furan compounds.

In 1980, USEPA reported the former Hummel Chemical facility at the Foundry
Street Complex to have been a producer of several USEPA Class III organic
compounds- specifically 2,4 -Dinitrophenoxyethanol; 3,5-Dinitrosalicylic
acid; Hexachlorobenzene; and Picric acid.

Reportedly, on October 14, 1988, four soil samples were collected from the
Foundry Street Complex and analyzed for 2,3,7,8-TCDD. However, and
pertinent to the identification of dioxin sources, none of the October 1S'88 soil
samples were collected from any areas believed to have been utilized as
process areas by Hummel Chemical.

Arkansas Chemical reportedly discharged effluent to city storm sewers along
Foundry Street via covered ditches. The Foundry Street storm sewers were, in
turn, routed into the Roanoke Avenue sewer. The Roanoke Avenue sewer line
historically served as a combined sewer outfall that allowed for the combined
discharge of sanitary and storm waters directly to the Passaic River.

Via the Roanoke Avenue sewer line and outfall, the storm drains at the
complex discharged to the Passaic River and allowed for the migration of
chemicals spilled onsite to the river. Reportedly, storm drains on site would
frequently flood during periods of heavy rain, redistributing contamination
through out the site.
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Arkansas Chemical/Hummel Chemical Continued

DIOXIN Numerous dioxin-associated compounds - including 2,4-dichlorophenol and
CONTAMINATION: 2,4,6-trichlorophenol - were detected in sampling of site soils, groundwater and

sediments.

Furthermore, USEPA Class III dioxin precursors, pentachlorophenol a.nd 1,2,4-
trichlorobenzene, were detected during sampling of on-site basement waters at
the Arkansas site.

2,3,7,8-TCDD was detected in core samples taken in the vicinity of the
Roanoke Avenue CSO. Other contaminants that were identified in sampling of
site soils, groundwater and sediments were also identified in sediments sampled
in the vicinity of the Roanoke Avenue outfall.

REFERENCES: Please refer to Appendix D for the following:

Tab#

Dl

D2

D3

D4

D5

Date Description

11/15/90 Memorandum from Paul Smith, NJDEP, to Foundry
Street Complex File. In re: Site Inspection on
11/7/90.

4/3/91 Memorandum from Doug Stewart, NJDEP, to Linda
Grayson, NJDEP. In re: Responsible Party
Investigation, Foundry Street Complex.

5/20/91 NJDEP Case Transfer Report

Undated USEPA Preliminary Assessment- Potential Hazardous
Waste Site.

8/15/9 Memo from Paul Smith to File: Addendum to
Foundry Street Complex Party Investigative Report.
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Bayonne Barrel & Drum Co.

LOCATION:

OPERATIONS:

DIOX1N
RELATIONSHIP:

The Bayonne Barrel & Drum Company (BB&D) Superfund Site is
located at 150-154 Raymond Boulevard, Newark, NJ. The site lies
wi th in 2000 feet of the Passaic River. Harrison Creek, a tributary to
the Passaic River, historically flows along the eastern border of the
property and discharges to the Passaic River.

Whi l e BB&D began operations in the early 1940's, a predecessor
drum conditioning concern was in operation at the site as of circa
1931. BB&D filed for bankruptcy in July 1982, and discontinued
operations in September 1983. BB&D's operations consisted of the
recondit ioning of steel drums using caustic solution, steel shot
abrasive, incineration, and paint.

High temperature combustion processes historically uti l ized at the
BB&D site - specifically those processes involved in drum and barrel
reclamation - are reported to be strongly associated with the by-
product production of dioxin and furan compounds. This association
is strongly supported by the detection of numerous dioxin and furan
compounds during USEPA-supervised soil and groundwater sampling
activit ies at the BB&D NPL site.

DISCHARGE
ROUTES:

Harrison Creek, a tributary to the Passaic River, originally ran through
the BB&D property on a route adjacent to facility waste lagoons. On-
site ditches and waste lagoons were historically routed and discharged
to the creek. Harrison Creek was reportedly diverted in approximately
January 1948 to the eastern border of the property, and may have been
realigned again in the early 1950s when the NJ Turnpike Authority
acquired parcels of the property from BB&D for construction of the
NJ Turnpike. The settling lagoon was filled in and a wastewater
settlement tank was constructed and in use as of 1957-1958. As of
1959, the waste lagoons were filled in and drainage ditches at the
eastern edge of the site drained to a "liquid-filled trench" adjacent to
the old lagoon location.

By January 1973, the BB&D operation's industrial wastewater was
discharged to an 80 foot settling sluice and holding tanks before being
released into the sanitary sewer to PVSC. A 1980 USEPA report
noted that site run-off water drains to Harrison Creek and Lawyers
Creek "which are now enclosed in storm water culverts." The
approximate 1% slope towards the north/northeast allows collection of
runoff to drain alone the eastern border of the site.
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Bayonne Barrel & Drum Company Continued

E10 6/2/88 RCRA Enforcement Inspection of BB&D;
Prepared by Michael Ferriola,
Environmental Scientist Source Monitoring
Section.

Ell 10/24/88 U.S. Environmental Protection Agency;
Preliminary Assessment of BB&D.

E12 12/2/88 Site Inspection Review of BB&D submitted
by Edward Gaven, NJDEP Bureau of
Planning and Assessment.

E13 9/30/92 Letter summarizing the Site Inspection
Priori t izat ion Evaluat ion of BB&D from
Gary Bielen, Site Manager, John Rieckhoff,
Pre-Remedial Program Manager and Dennis
Stainken, Work Assignment Manager to
Sandra Foose, USEPA.

E14 3/26/97 Letter from Wil l iam Lee, Environmental
Project Manager, de Maximis, inc., to
Joseph Cosentino. USEPA enclosing
Bayonne Barrel and Drum Site- Soil
Investigation Report, by BBL.

El5 Undated Figure showing Soil Sampling Locations of
BB&D.

El6 7/6/01 Letter from Richard Caspe, Director,
Emergency and Remedial Response
Division USEPA, to Recipients. Attached
is a list of Potentially Responsible Parties.

El7 1946- Correspondence from Passaic Valley
1959 Sewerage Commissioners documenting

pollution of Harrison Creek.

E18 7/86 Soils and Ground Water Characterization
prepared by Dan Raviv Associates, Inc.

E19 12/86 Report by Louis Berger & associates
submitted to New Jersey Turnpike
Authority, "Results of Preliminary
Investigations."
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Public Service Electric & Gas
(PSE&G) Essex Generating
Station

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

The PSE&G Essex Generating Station is located at 155 Raymond
Boulevard, Newark, NJ 07101. The facility is situated on the west
bank of the Passaic River at si te study area river mile 1.0.

PSE&G has operated the Essex Generating Station from
approximately 1915 to present. The facility, described as an
electrical generating station, has historically ut i l ized the burning of
coal, natural gas and/or oil to power electricity-producing turbine
machinery at the site. The station originally used coal-fired boilers
to power the turbines but switched to natural gas and oil (kerosene)
in the 1960s - most l ikely 1963. Transformers are used at the station
to transfer the energy from the turbine generators to distr ibution
networks.

Onsite activities that are suspected to have contributed to dioxin
contamination include, the use of boilers and industrial furnaces, and
the combustion of coal and oil. PSE&G has also admitted in
documentation to the USEPA to the historical use of PCB-
containing products at the Essex Generating Station.

Processes centering on high temperature combustion - such as those
uti l ized at the PSE&G Essex facility in its (1) coal combustion; (2)
boilers and industr ial furnaces; (3) in its oil combustion; and (4) in
the inadvertent combustion of PCB products - have all been reported
as being strongly associated with the production of dioxin
compounds.

The facility is known to have had a historical drainage ditch system
that discharged to the Passaic River in addition to its five NPDES-
permitted outfalls which discharge to the Passaic River. Non-
contact cooling water, boiler blowdown, and storm water/surface
run-off collected on-site are routed into these outfal ls to the Passaic
River.

Because the PSE&G Essex Generating Station is located directly on
the Passaic River. Storm water and surface run-off serves as a
mechanism for transporting contaminated media directly to the
Passaic River. Site flooding conditions also serve as a mechanism
for transporting contaminants spilled, leaked or discharged onto site
soils into the Passaic River.
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PSE&G Essex Generating Station Continued

DIOXIN Low levels of 2,3,7,8-TCDD contamination have been detected
CONTAMINATION: during limited soil sampling at the PSE&G Essex Generating Station

site.

The 2,3,7,8-TCDD contamination - ranging in levels from non-
detect to 3.2 PPB - was detected during soil sampling under the
present-day NJ Turnpike bridge, but in an area that was formerly part
of the PSE&G Essex facili ty unt i l at least 1965. This l imited
sampling activity comprises the only known dioxin sampling at the
PSE&G Essex site to date.

2,3,7,8-TCDD was detected at up to 11.6 ppb in core 214 in the
vic in i ty of the PSE&G site.

REFERENCES: Please refer to Appendix F for the following:

Tab # Date

Fl 1973

F2 1/14/76

F3 1/21/76

F4 1/27/76

F5 3/15/76

F6 2/26/80

F7 1/28/91

F8 1/31/91

Description

Annual Report by Chief Engineer S.A.
Lubetkin to the Passaic Valley Sewerage
Commissioners.
Laboratory Report from Passaic Valley
Sewerage Commissioners of PSE&G.

Letter from S.A. Lubetkin of Passaic Valley
Sewerage Commissioners, to C. E. Maginn,
Jr., Division Superintendent - Essex, PSE&G.

Letter from J. F. Schwanhausser, Division
Superintendent- Elizabeth PSE&G, to S.A.
Lubetkin, Passaic Valley Sewerage
Commissioners.

Memo from Passaic Valley Sewerage
Commissioners concerning monthly reports
for Jan. & Feb., 1976.

Laboratory' Report of PSE&G storm sewer,
from Passaic Valley Sewerage
Commissioners.

NJDEP Communications Center Notification
Report.

Notice of Violation from NJDEP, to PSE&G.
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PSE&G Essex Generating Station Continued

F9 3/20/91 Memo from NJ Department of Law and
Public Safety, to Assistant Director for
Enforcement Division of Water Resources &
Assistant Director of Hazardous Waste
Management. Attached is an investigation
report of PSE&G.

F10 1950 SanbornMap.

Fll 2/23/91 NJDEP Investigative Report.
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Essex County Resource Recovery
Facility/American Ref-Fuel, Inc.

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

DIOXIN
CONTAMINATION:

The Essex County Resource Recovery Facility (ECRRF) is located
at 66 Blanchard Street in Newark, NJ on the south/western bank of
the Passaic River.

Operated by American Ref-Fuel, Inc., the ECRRF faci l i ty has served
as a municipal waste incineration plant on the Blanchard Street site
since approximately 1990.

Facili ty operations consist of the receipt, sorting, processing and
incineration of municipal solid waste - with the ul t imate sale of the
resultant energy from the waste burning to PSE&G.

As reported by the USEPA, high temperature combustion processes
are reported to be strongly associated with the by-product production
of dioxin and furan compounds. Relative to the ECRR facility,
municipal waste incineration - an operation which centers on the use
of high temperature combustion - is known to be associated with the
generation of dioxin compounds.

As a permit requirement for operation of the municipal waste
incinerator, ECRRF is required by the New Jersey Department of
Environmental Protection ("NJDEP") to test for the presence of
2,3,7,8-TCDD in all ash piles generated from the incinerator.

Two onsite ditches, the Central Ditch and the West Ditch, discharge
directly to the Passaic River. A portion of the site (the southeastern
corner) is drained via Lawyer's Creek.

NJDEP has documented low levels of 2.3,7,8-TCDD in sampling of
the ECRRF ash piles during testing conducted from 1995 to the
present. During these ash pile-sampling events, concentrations of
2,3,7,8,TCDD have been detected at concentrations ranging from
n o n - d e t e c t t o O . l O P P B .

Also of note, USEPA Class III dioxin precursor organic compounds,
including chlorobenzene and 1,2-dichlorobenzene, have also been
detected during historical soil and groundwater sampling activities at
the site.
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Essex County Resource Recovery Facility Continued

REFERENCES: Please refer to Appendix G for the following:

Tab # Date Description

G l 9/13/84 Memo from John Bielamowicz,
Environmental Scientist NJDEP, to File-Essex
County Resource Recovery Facility
Application Re: Discharge Permits.

G2 Undated Map of site.

G3 10/29/84 Interoffice Memo from Mark Gnizlovic
NJDEP, to Vince Krisak Re:
Recommendations & Case Status.

G4 1 0/3 1/84 Directive letter from NJDEP, to Milton Buck
- Executive Director, Newark Redevelopment
and Housing Authority Re: Violation.

G5 2/6/85 Interoffice Memo from NJDEP to File Re: site
inspection.

G6 8/16/85 Letter from Riker, Danzig, Scherer, Hyland &
Perreti, to Joseph Rogalski, Assistant
Director- Div. Of waste management, NJDEP.

G7 5/27/88 Letter from US Testing Company, Inc., to
Betty Boros, NJDEP.

G8 6/22/88 Letter from NJDEP to Thomas Spurkowsky,
Site Manager Amer. Ref-fuel Re: Compliance
Evaluation Inspection.

G9 4/8/91 Letter from John Waffenschmidt-Asst.
Director of Environmental Compliance- Amer.
Ref-fuel, to Robert Oberthaler-NJDEP.

G10 12/1/92 NJDEP Administrative Consent Order.

Gil 6/21/93 Letter from NJDEP, to Assistant Director
Env. Compliance for Amer. Ref-fuel Re:
Compliance Evaluation Inspection.

G12 9/30/93 Letter from NJDEP, to American Fuel Co. of
Essex, Re: Violation of Effluent Limits or
Parameter Reporting Requirements.
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Thomasett Color/Hilton Davis

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

The Thomasett /Hilton Davis site is located at 120 Lister Avenue,
adjacent to the Passaic River.

Colorants that were marketed to the automotive, cosmetics, textile and
drug industries were manufactured at this site. The primary products
manufactured include phthalocyanine blue pigments, phthalocyanine
green pigments, transoxides and drug and cosmetic grade pigments.

Hazardous substances stored, used or produced at the facil i ty include
USEPA Class 111 organic compounds phthalic anhydride and o-
dichlorobenzene.

The processes util ized by Thomasett/Hilton Davis in Newark for the
manufacture of phthalocyanine dyes have been reported to be strongly
associated with the by-product production of dioxins and furans
compounds. This association is supported by findings published by
EPA in 1986 that dioxin and furan by-products, in addition to PCBs,
are in fact, known to be generated during the production of
phthalocyanine dyes.

Direct discharges of process water to the Passaic River have
historically occurred at the site, as documented by the Passaic Valley
Sewerage Commissioners ("PVSC"). PVSC has documented a
number of direct process wastewater discharges to the Passaic River
that have historically occurred at the rear of the riverfront-located
Thomasett/Hilton Davis site.

It is also documented in former employee witness affidavits that,
during the 1950's t ime period, a "false sewer system" was installed
onsite and historically utilized as a means to directly discharge process
wastewater from the faci l i ty to the Passaic River.

Process spills and leaks at the Thomasett/Hilton Davis facility
reportedly discharged to the Passaic River via the municipal storm
sewer system located on Lister Avenue. This storm sewer discharged
to the Passaic River at the Brown Street outfall prior to the 1970s and
at Lockwood Street after the early 1970s.

It is reported that during heavy rains, water would back up onto the
Thomasett/Hilton Davis site through the facil i ty catch basins. During
these flood periods, the water would reportedly also discharge to the
Passaic River through the City of Newark Storm Sewer on Lister
Avenue.
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Thomasett Color/Hilton Davis Continued,

DIOXIN
CONTAMINATION:

REFERENCES:

No dioxin soil sampling is known to have been conducted to-date at
the site. However, there is evidence of significant dioxin
contamination in the sediments of the PRSA located directly adjacent
to the Thomasett/Hilton Davis Newark site.

Please refer to Appendix H for the following:

Tab # Date

H I 7/30/56

Description

Weekly Summary of Inspections for Thomasett
Color Chemical Co.

Weekly Summary of Inspections for Thomasett
Color Chemical Co.

Annual Report by S.A. Lubetkin to the Passaic
Valley Sewerage Commissioners.

On-Site Material Storage.

ECRA init ial notice, General Information
Submission Form from H.D. Lockwood, VP of
Hilton-Davis, to NJDEP.

ECRA Site Evaluation Submission from Irving
Cohen, President of Enviro-Sciences, Inc. to
NJDEP.

Memo from Steve Huntley of Chem Risk, to
Amanda Birrelll of Vinson & Elkins and Rick
McNutt of Maxus. Attached is a report of PCB
and PCDD/F discharge into Passaic by Hilton-
Davis.

H8 6/19/96 Letter from Amanda Birrell of Vinson & Elkins,
Attorneys, to Amelia Wagner of USEPA.

H9 Undated List of Raw Materials Inventory for Hil ton
Davis.

H10 Undated Hilton Davis Raw Materials Inventory.

H11 3/27/96 Affidavit of former Hilton Davis employee
Robert Malone.

H2 8/20/56

H3 1971

H4 5/16/79

H5 10/29/86

H6 2/23/87

H7 6/18/96
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Montrose Chemical Company

LOCATION:

OPERATIONS:

DIOXIN
RELATIONSHIP:

The Montrose Chemical Company site is located at 100 Lister
Avenue, Newark, NJ. The site is bounded by industrial properties
adjacent to the Passaic River on the north and by Lister Avenue to
the south.

Montrose Chemical - (parent company is Chris Craft, Inc.) -
operated at the site from 1943 to 1974. The site is currently being
operated by Chemical Waste Management of New Jersey, Inc. -
(previously known as SCA Chemical, Inc.) - as a hazardous waste
transfer, storage, recovery and treatment facil i ty.

Montrose Chemical manufactured a variety of chemical products at
the site, including chlorinated herbicides, pesticides, fuel and rubber
additives, food and drug products and various chemical
intermediates. Montrose products included, but were not l imited to:

• 1,2,4-Trichlorobenzene
• 2,4,5-T
• 2,4-D
• Bis(2-ethylhexyl) phthalate
• DDT
• Dichlorobenzene
• Hexachlorobenzene
• Lindane
• Tricresyl phosphate
• Other pesticides and herbicides

Many of the products used and manufactured at the Montrose site
are associated with the formation of Dioxins.

• Montrose manufactured USEPA Class I organic compounds
2,4-D and 2,4,5-T.

• Montrose manufactured USEPA Class II pesticide chemical
Lindane.

• Montrose manufactured USEPA Class III organic
compounds 1,2,4-Trichlorobenzene; Dichlorobenzene and
Hexachlorobenzene.

• Montrose utilized USEPA regulated dioxin precursor
compound chlorobenzene as a raw material in its operations.

Reportedly 2,3,7,8-TCDD was generated as a manufacturing by-
product and subsequently discharged along with the effluent from
washing and settling steps u t i l i zed in on-site manufacturing
processes.
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Montrose Chemical Continued

DISCHARGE
ROUTES:

Direct discharges to the Passaic River reportedly occurred at the rear
of the faci l i ty and at the terminus of the local storm sewers at Brown
and Lockwood Streets. Interviews with former employees indicate
direct discharges to the Passaic River at the rear of the facility until
approximately 1978. Employee interviews, as conducted by USEPA,
and documentation indicates that wooden storm sewers onsite
discharged to either the storm sewer, combined sewer or both
located on Lister Avenue. This storm sewer discharged to the
Passaic River at the Brown Street outfall prior to the 1970s and at
the Lockwood Street outfall after the early 1970s.

Erosion of contaminated soil is likely to have occurred on site during
Passaic River flooding. Advancing and receding floodwaters would
serve as a mechanism for the transport of soil contamination from
the site to the Passaic River.

DIOXIN
CONTAMINATION:

2,3,7,8-TCDD contamination was detected in PRSA sediments
directly adjacent to the Montrose site at various levels ranging to
5300 ppb. A concentration of 240 ppb was detected in the vicinity
of the Lockwood Street outfall.

REFERENCES: Please refer to Appendix I for the following:

Tab # Date

I I

Description

7/21793 Affidavit of former Montrose employee Oscar
Randall.

12 7721/93 Affidavit of former Montrose employee
Kelsey T. Brown.

13 7/27/93 Affidavit of former Montrose employee S.H.
Koved.

14 6/983 Letter from S. Koved to R. Goldstein, Health
Commissioner, NJ Department of Health, re:
site hazards.

15 1937- Various Newark Industrial Directories
1964

16 1/25/93 Chris Craft Industries' Response to EPA
Information Request Letter.

17 12/15/93 Chris Craft Industries'Response to Second
EPA Information Request Letter.
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Montrose Chemical Continued

IS 10/1914 Figure entitled Plan of Lister Agricultural
Chemical Works.

19 05/05/43 Figure entitled Survey of 60- 120 Lister
Avenue.

110 1/7/65 Storm Sewer Map and Sanitary Sewer Map, #
9G & 9H, by Porter Armstrong for Newark
Housing Authority.

111 1971 (?) City of Newark, Department of Public Works.
'"As-Is" Plans on Lister Avenue Sewer
Improvements.

112 3/27/96 Aff idavi t of former Thomasett/Hilton Davis
employee Robert Malone.

113 1 /9/78 PVSC Industrial Sewer Connection Permit for
Earthline Company, concerning Lister
Avenue storm and sanitary sewer cross
connections, with attached 12/8/77 letter from
City of Newark to PVSC re: permit
application.

114 1971 - Excerpts from PVSC Annual Reports for
1974 1971, 1972, 1973 and 1974 concerning Brown

and Lockwood Street storm sewers.

115 Excerpts from Chemical Waste Management
Remedial Investigation Report - with
associated documents concerning on-site
environmental conditions at the former
Montrose/Chris Craft site.
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Giuaudan-Roure Corporation

LOCATION: The Givaudan Roure Company/Givaudan Chemical Company
(Givaudan) site is located at 125 Delawanna Avenue in Clifton,
Passaic County, New Jersey.

OPERATIONS:

DIOXIN
RELATIONSHIP:

DISCHARGE
ROUTES:

From approximately 1905 through 1998, Givaudan has produced
specialty, aromatic, flavor and fragrance chemicals at the Clifton site.

Givaudan began it operations at the site on a lease basis beginning in
approximately 1905 and eventually purchased the entire property by
the early-1930's time period. Of note, between 1947 and 1984,
Givaudan produced the antibacterial chemical Hexachlorophene
(under the'"Isobac 20" product name) at the site. The Givaudan
operations were discontinued at the Clifton site in approximately mid-
1998.

The historical manufacturing of Hexachlorophene/Isobac 20 and other
products at the Givaudan Clifton facility was known to ut i l ize
hazardous substances associated with the formation of dioxin. These
dioxin associated compounds include the following:

« USEPA Class I organic compound 2,4,5-Trichlorophenol
(2,4,5-TCP) which was produced on-site from 1947 through
1949, and which was utilized as a raw material feedstock in
the on-site manufacture of Hexachlorophene from 1947
through 1984.

« USEPA Class I organic compound 2,4-Dichlorophenol which
was also utilized as a raw material at the site.

« USEPA Class III organic compounds Benzaldehyde and
Fumaric acid.

Historical discharge mechanisms from the Givaudan site were reported
to include the following:

1. Direct process discharges via the original "chemical
sewer" system installed at the facility in 1947. Process
wastewater was collected and treated on-site before being
discharged to the chemical sewer and ultimately into a
pond in the Third River, a tributary of the Passaic River.
In 1985 a new chemical sewer, which included secondary
containment, was installed and replaced part of the
original chemical sewer system.
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Givaudan-Roure Corporation

2. Direct discharges of process wastewater to the Clifton
sanitary sewer system. Frequent sewer line breaks were
reported to have occurred in this sewer line, historically
resulting in the discharge of process wastewater to the
Third River.

3. Majority of onsite storm water is collected and
discharged into an on-site retention pond. This pond
allows for the discharge of contaminants to site
groundwater.

4. Storm water in a portion of the site historically
discharged to a municipal Clifton storm sewer, and in
turn, to the Third River.

5. Storm water in another portion of the site is directed via a
trench into a Clifton storm sewer that discharges to the Passaic
River.

DIOXIN Givaudan produced Hexachlorophene in Bui ld ing #'s 58, 59, 60, 68,
CONTAMINATION: 168, (from late 1940's), and Building # 9, (since early 1970's).

Trichlorophenol was produced in Building #'s 54 & 60.

Levels of 2,3,7,8 TCDD soil contamination were detected at
concentrations ranging up to 200 ppb in the former process/production,
area, outside of Building # 54. This sampling location is situated above
the chemical sewer line. Elevated concentrations of 2,3,7,8 TCDD
were also found in areas of the eastern portion of the site, including
immediately adjacent to the storm water retention pond.

2,3,7,8 TCDD was found at concentrations up to 18.79 ppb (estimated)
under various site buildings, (Building #'s 93, 95, 168 & 60), with
concentrations of 2,3,7,8 TCDD exceeding 2 ppb being detected in
samples from as deep as 23- to 24-feet below ground surface.

The former drum storage area was located in the southeastern portion
of the site, near Building #93, which showed 2,3,7,8 TCDD levels in
excess of 7ppb. This area was adjacent to the storm water retention
pond.

An Amended Consent Order was issued in February 1988, which,
allowed Givaudan to perform limited excavation and remediation of
contaminated soil wi th in the Contaminated Process Area, Sample Area.
G-l 1, and to containerize contaminated soils on-site unti l appropriate
treatment technologies became available

The 2,3,7,8 TCDD contamination detected in site soil - during those
site investigations performed prior to ISRA-related site activities - was
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Givaudan-Roure Corporation

REFERENCES:

excavated (to 1 ppb) and placed in an on-site containment cell. That
containment cell was completed in December 1996.

Please refer to Appendix J for the following:

Tab # Date

Jl 1992

J2 4/2/75

J3

J4

J5

J6

J7

J8

J9

7/26/83

1/91

12/13/91

11/3/95

1/9/95

5/30/96

9/20/83

J10 Various

Description

Givaudan Site Summary, taken from "Site
Status Report" booklet, By NJDEP.

Waste Effluent Survey of Givaudan Corporation
for Passaic Valley Sewerage Commissioners,
includes Laboratory Analysis, sample for
Givaudan Corp., from International Hydronics
Coiporation.

Letter from Will iam Hyatt, Jr., Pitney Hardin
Kipp & Szuch, to Michael Catania, NJDEP,
enclosing Givaudan's information response re:
trichlorophenol and hexachlorophene historical
production.

NJDEP Approved, TCDD Investigation Report
and Limited Investigation Report.

Letter from David Sweeny of NJDEP, to Len
Levy of Givaudan Corp.

Letter from William Friedman of Brach,
Eichler, Rosenberg, Silver, Bernstein, Hammer
& Gladstone, to Robert Tavares, Chief Legal
Counsel, Givaudan-Roure Corp.

Letter from Leonard Levy, Director, Site
Remediation Givaudan Corp., to Joseph Karpa,
Division of Responsible Party Site Remediation
NJDEP.

Letter from Leonard Levy of Givaudan Corp., to
Maria Franco-Spera, Division of Responsible
Party Site Remediation, NJDEP.

Letter from CFM Inc., to Givaudan Corp.,
enclosing Chemical Sewer Investigation Report
for Givaudan Corp., 9/20/83. (second page of
letter missing, report attached).

Annual reports from PVSC re: sewer line
breaks/incidents and related correspondence.
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Givaudan-Roure Corporation

J11 1/29/92 Givaudan site map for delineated TCDD Areas
and sample locations produced by ERM, Inc.

J12 6/30/70 Plant sewer map-Givaudan Corp.

J13 7/15/98 Phase III Remedial Investigation for Ground
Water, Volume I, Givaudan-Roure Corp.

J14 6/23/99 Letter from Richard Wroblewski of ERM, to
Maria Franco-Spera of NJDEP.

J15 6/17/83 Executive Order #4SB Re: Dioxin Emergency at
Givaudan Clifton Site.

J16 3/5/87 Administrative Consent Order-Ground Water.

J17 3/5/87 Administrative Consent Order TCDD.

J18 2/16/88 Amended Administrative Consent Order TCDD.

J19 Undated City of Clifton Storm and Sanitary Sewer maps.

J20 7/14/99 Letter from Eugene Thomas, Givaudan, to
Maria Franco-Spera, NJDEP, re: deed
notice and restrictions.

J21 5/16/01 Letter from David Johnson, Givaudan, to Robed
Schinn, NJDEP, re: sale of Givaudan plant site
in Clifton.

J22 6/4/02 Letter from John Hogue, ERM, to Maria
Franco-Spera, NJDEP, re: biennial
certification/sale of Givaudan's Clifton
property.

J23 4/00 ' ERM Remedial Action Work Plan for Soils,
(excerpts).

J24 3/1/00 ERM Draft Remedial Action Report, (excerpts).

J25 8/15/78 Killam Heavy Metal Source Determination
Study.

J26 April Givaudan's Plans for Discharge Prevention,
1985 Containment and Countermeasure and

Discharge Cleanup and Removal.

J27 1983 Givaudan's Storrmvater Drainage Patterns-
details re: connection to County Street sewer.
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Givaudan-Roure Corporation

J28 4/25/91 Letter from L.A. Levy, Givaudan, to Nicholas
Eisenhauser, re: excess TCDD levels.

J29 6/22/83 NJDEP Internal Memorandum, D. Schrier to E.
Liu re: review of Givaudan file concerning
dioxin formation.

J30 2/00 ERM Sewer Decommissioning Report,
(excerpts).

J31 9/4/96 Letter from Leonard Levy of Givaudan Corp., to
Maria Franco-Spera, NJDEP.

J32 6/30/70 Annotated figure highlighted with on-site
chemical, storm and sanitary sewer systems.
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x SECTION 3
SOURCES OF D I O X I N S

This section d i s cu s se s in d e t a i l the possible sources of d l o x i n s . The l i r s l
sub.scction dc.iU w i t h the has ic organic chemica l s w i i h the grea tes t p o t e n t i a l fc/r
byproduct l o r m a l i o n o f d i o x i n s . Subscq i ' rn t s u b s e c t i o n s e x a m i n e c h l o r o p l i c n o l s
and (heir dcri \ . l ines, hex a ch lor oNen.'e lie. dioxin:, in panicula te air emissions from
c o m b u s t i o n , d i u x i n s i n p l a s t i c , a n d d i n x m s p r o d u c e d f o r r c s c a r c l i .

O R G A N I C C H E M I C A L S
Because of (he very l.iryc n u m b e r of organic compounds and l l i e i r varans;

p r o c l i v i t i e s lo fo rm diox-.n.-: , t re c o m p o u n d s were screened i n i t i a l l v on I he ba>c:s of
mo lecu la r s t r u c t u r e , p rocess sequence, and c o m m e r c i a l s ign i f i cance .

As a m e a n s of fcxu^ng a t t e n t i o n on those organic chemicals niosi l i k e l y to be
associa ted w i t h the :"orn;:ition of i l ioxmt . t h e y were placed in ihe f o l l o w i n g
c l a s s i f i c a t i o n s :

Class I — P p l y h a l o g c n ^ ' c d pheno l s , p r i m a r i l y w i t h a ha logen o r t h o to the
hydro*yl g roup , v . i t h a Kig.1- p r o h a b i l i i y o r d i o x i n f o r m a t i o n . P roduc t s w i i h i u c h
cornpou.-.di a p p e a r i n g as i n t e r m e d i u t c s 2rc also cons idered . M a n u l a c l u r c of
ihe- ic rr.atc. 'ijU n o r m a l l y i n v o l v e s r e a c t i o n c o n d i t i o n s o f c l e v j t r d t e m p e r a t u r e
p lus c i t h e r a l k a l i n i t y o: f ree h a l o g e n presence, e i t h e r of which i i conduc ive lo
f o r m a t i o n cf ha locer .a icd d i o x i n s .
Class II — O r i h o - h j l o p h e n o i s and onho-ha lophcnyl e the r s where th:
s u b s t i t u t e d g r o u p s arc a m i x t u r e of ha logens and nonhalogens . Procesynf.
c o n d i t i o n s are s i m i l a r to t h o > e d e f i n e d for Class I and produce mixed
s u b s t i t u t e d c j ioxms . T h e d i s t i n c t i o n b e t w e e n Classes I a n d I I i s a r b i t r a r y a n d
docs not indica c n c c e s s a n l v a d i f f e r e n c e in l i ke l ihood of d i o x i n fo rm. i l iun .
C.a'S I I I — O t h e r chemicals having the possibility, hut less likelihood, of
dio;in lor r r .a t ion . These inc lude I ) o r t h o s u b s t i t u t e d a r o m a t i c compounds
rco i i i r i ng an u n u s u a l c o m b i n a t i o n of r e a c t i o n s teps lo produce d iox ins . 2 )
a r o m a t i c c o m p o u n d * t h a t mig iu fo rm d i o x i n s because 0 1 t h e i r p r o d u c t i o n u n d e r
s c m i c o m h u s t i o n c o n d i t i o n s , and 3 ) p r o d u c t s t h a i might c o n t a i n d i o x i n s by way
of c o n t a m i n a t i o n of I hc i / s t a r t i n g m a l c n a l s .

SirKC only c o m m e r c i a l l y s ign i f i can t p r o d u c t s a rc of i n t e r e s t in t h i s s t u d y , ihe
l i s t i n g is l i m i t e d to those p roduced in q i j a n t ' t i c s in excess of ifXX) pounds per year
s n d / o r whox salcv reach SIOOO per yea r , as r e q u i r e d for l i s t i n g in the Stanford
Research I n s t i t u t e D i r e c t o r y uf C h e m i c a l Producers . The p r o d u c t l i s t s a rc based
on c o m m e r c i a l p r o d u c t i o n d u r i n g the p a s t 10 y e a r s .

Table 7 l ists and classifies commercial o rgan i c chemicals selected 2s having a
r e l a t i o n s h i p t o d i o x i n f o r m j t i o n o r p resence . S t r u c t u r e s a r c s h o ^ n fo r C la^se i I
a n d I I . t h e c h e m i c a l s o f p r i m a r y i m p o r t a n c e . C l a s s I I I c o m p o u n d s a r c l i s i e d b y
name only. In a d d i t i o n . Tables A I -5 in A p p e n d i x A pivc f u r t h e r i n f o r m a t i o n on
the p roducer ! and p r o d u c t i o n s i t e s of o r g an i c ch-:mio!s.

Most of Ihe o r g a n i c chemicals c o n s i d e r e d arc ••«cd as m a n u f a c t u r i n g
i n t e r m e d i a t e s or a : least or ' sub jec t ed lo s u b s e q u e n t f o r r . i u b t i o n or f a b r t c a t i o n .
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Thus f u n h c r processing may introduce addi t ional possibi l i t ies for d iox in
forma l ion, conumlna lion, and exposure not conic mpla led wi I hi n the scope of I his
s t u d y .

T o x i c i t y o f the rruny s u b s i i t u t c d dibcn/o- />-dioxins \2pcs u idc ly . None a rc
excluded f rom corutdcra l io t i here1 since d i spropor t ions t.'on and other composit ion
s h i l t s may brinj ; abou l chanpcs I r o n i lower loudly forms to t i i j hc r ( B u s c r 1976).

The i n i cnd ;d t c a c i i o n m e c h a n i s m s lor each CUs.^ I organic chemical are sho-.vn
in Fif i i r c s 2 t h r o u g h 12. The >ci] 'icnce is shown f r o m ItU lo r ighl across the (op of
each fi|;uic. an-J the possible dio\ in side reaction mechanism diverges to lspic:i!
d i o x i n b> produc t s al ilic bu i io in of the f igure. The specific d i o x i n p roduc t s > l \ o v , n
arc those for \*hich r e a s o n a b l y s t r j i y h t f o r u J id mechan i smi can he pos tu la t ed . I r i
m a n y cases m o r e complex ynd sccondzry mcchun i sms may produce d i o x m > in
a d d i t i o n lo tho;c sho^-n.

TABLE 7. ORGANIC CHEMICALS RELATED TO DIOXIN FORMATION

Cbn I

2 - C H L C S O - 4 - f L U O S O F r i i K O L

2.4-DIBROHOPH.EXOL

2 . 3 - D I C H l O P . O P r i E K O l

'It
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TABLE 7 (continued)

Claii I (continue^)

2.4-DICHL080PHEXOL

2 . 5 - D I C K L O P . O P H E K 9 1

OH

Cl

Cl

/ . 6 - D I C H L D R O ( ' r i E K O l

OH

3.<-DICKLCROFK[KOL

OH

^-c.
Cl

PWIIBRCWPHEKOL

OH

Br-s^/^vx'Br

Br ̂ ~^ -̂ Br

Br

2 , < . 6 - T R I E f ; l » O P H L X O L

(continued)

.19

OH
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Br



TABLE 7 (continued)

* 5i I ( c o n t i n u a d )

2 . X . 5 - 1 R I C K I C R O P H E N O I

BXOXOPHEKUOLE

0-BROMOPKENGl

2-CHtOf!0-l.<-DinhOn-5-mTROBENZEHE

5-CH lCRO-? .4 -D IKE IHOH-»H IL IN f

C K L O R C H I D R O O U I K O K E

(contmue-d)

OH

Ci

OC2H5

Br

OH

OC2H5

CI

O2N

OC:HS

NH2

W-OCH3

Cl

OCH3

OH

Cl '

OH

i; tiiii >' i



TABLE 7 (continued)

C!a»* 1! ( con t inuad j

fl-CHLOROPm'Ol

OH

2 - C K l O S i M - F K i X H F H E K O L

4-CHLORCRESORCII ' .O l

OH

OH

2 . 6 - D I B S l » a - 4 - X I I R O P K J K O L

3 . 5 - D I C K L O R O S n i C T L I C K I D

COOH

OH

Î X^^

2 , E - O I I 0 3 0 - l - K I T f : o m N O l

{conl inu»d)



TABLE? (continued)

Cbn II |con!inu»<5)

3 . 5 - D I I O O O S A l l C r i l C 1 C I O

0-FLUOROMISOU

0-FLUCROPHWBL

T H R J B X C i i O S I S P K f . X O l - J

H T R I C H I O R C S I S P H E N O L - A

CUu III

COCH

OH

OCH3

OH

Bt

Clx CH3 /Cl

'HO-/A-C-/VOH
\=/ i \=/

C|/ CH3 \C|

3-Amino-5-Lhtoi -o-2-hrdro>'yt-sruenesulfonic acid
2 • Amioo-^ -chtor O'6 -mtrophenol

B'omoben/er.e

(conunued)
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TABLE 7 (continued)

Clan III (continued)

o -Chief oduorot^niena
3-CMo. 'o-4-( luoro- nitrobenzene
*J-Ch!ofc-4-l iL-orcphenof
4 -Chlofo-i-ntt . 'opheAol

3.4 -Dichloroanilina

~m

3.4 -

1 .2 •Dih)'droxyN.'njene-3,5-disu!f0nic acid, disodiurn

2.5-Oihyt/rojtvbenren-isuIfonic acid

2.4 -Dmitfophenol

2.4-Dini;iophenoxye

3.5-Oi"nitrc$a!tcyl!c

H e i a I ( u o r o be ru e n e

Malaic *:KJ

Maleic an>yd/ic*e

ol

o-NiUophenol

Ponldb'omololuenc
Penlachlcxoanilms

£
U

1

Phenol {'fo.-n chloiob>en:onej
l -PheiXf l -2-su l ton ic ac«d. formaldehyde cond^nt^te

Pheny! ?:'>«'

Phinalw: dnhydnt^e

Picric »c'd

Sodium pic to le

TeU anhydndo

Tribf ornoben/er.e
1 .2.4 -T r ie hlcxobe n/cn e



< - i ! C « o - : . i - s i t i i u « o f s s « c i

J . I - 6 C C J ; . t KO

Figurs 2. Proposed react ion mechanism for dioon format ion
in ih-: protJuclion of 4-txorilO-2.5-dichloropfieno(.
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7 - [HltUQ - 4 - flC

Figure 3. Proposed roaciion mechanism lot dioxin foffr.al>on
in !h« product-en of 2-chloro-4-lluOfophenol.
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Figurs 4. Proposed reaciion mechanism lor dionin formation
in Iho production of decabromophenoxybenzene.



•f OIHt! 3«0«CP«[rtin tO ICUS

KOCOIOtllS

Figurs D. Propoi«d react ion mechanism lor dioxin lormslion
in the production o( 2.4-dibrorpophenci.
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ci. ci
Cl OH

O

SO3H

© -^
o

S03

0

S03

0

CI

SO0

0
CI

OH

Q &

CI

so.

CI

H3PO<

CI

F i j u r o 6. Proposed r cac i t on mechan i sn^ (or Uioxin fo tn i j i ; on
in ihe p roduc t ion o! 2 .3-d ichl^rophenol -



fr

-OH

CI-

CATALYST

OH

C!

ci

-f SUlt

•f-. c:»:i catcic'KtiJi! tieiins

CI

CI

Figure 7. Proposed fe3c(K3n mechanism lor d Tun formation
in the production ol 2.4-dichlotophtnol.
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l.i.l -

J . 6 - O C 0 3

2.5 - B I C H t C W H W .

c'xxacl

gurfl 8. Proposed reac t ion mechan i sm (or dioxin f c r m a i i o n
in ihe production of 2.5-dichlorcphenol .
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'OH

-f- OlK'.t

+ «l«l CM10IO.VCI01I IIJICIl!

1.6 - tcoa

C H l O t O J K l l l S

9. Proposed reaclibn mechanism (or dioxin formation
in ihe p'fX.'uclion ol 2.6-dichlorophenol.
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3 . < - O I C H l W . S N [ i C :

Cl

I
Cl

Cl

. j . i - n i c m o t e c u f i c

soi;>
H2S04

C! OH
S°£HxL 0 S°3Hx^

Cl

OH

- BCB-;

Figure 10. Proposed reaction mechanism lor dioxin (ormaiion
'n ihe production of 3,4-dichlorophenol.
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Br, . CATALYST Br

11.. Proposod reaction mechanism tor dioxin formation
in the production of pentabrornopheno!.
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OH

J.M - 1

Br

Br

O

O

Br

r •f JIWS

Br

I.'.I.S-HJO

Figurs V2. Proposed reaction mechanism for dtoxin formation
in the p'cxJuci'on of 2/..6-;ribromophcnol.
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PESTICIDE C H E M I C A L S

Pesticides are ihc no>l s igni f icant |;roup of organic chemicals in re la t ion lo
d i o x i n o c c u r r e n c e . This si:icrr.cnt is tiascd on ihc s t r u c t u r e and reac t ion
m e c h a n i c n t a in l i^y . r e s e l l cm c o n d i t i o n s , delected presence o f d i o x m s i n a n u m b e r
of c'jnur.crcial pcsticM. pf oduels. and * history of envi ronmenta l con tamina t ion
p r o b l e m s , p j r t i c u h i l y w i t h t r i c l i l . uophcno l a n d 2.-1.5-T.

Ch lo r ina t ed dihcrwo-jT^ioxins .ire k n o w n to be p r e v e n t in at leas: tm'e a n i o u n l i
in 3 r .umbtr ol pcsiiciJe c h c n u c a U . 1 hese include J!,4.5-'l. M! \C\ . 2,4-D. crbon.
se>one. D M I'A. r u n n e l . l e i r a d i l n n . a m i t h e \ a r i o u » ch lorophcnol i ( K i > l t h c i n I 9 7 J ) .
In a d d i u u n . the chemica l i t r u c t u i c i . r e a c i i o n t . ;md process c u n d i t i i m s for : i
t ' . umhcr of o t h e r s indu'iMC dio.\m con ten t p i i t c n t u l .

Tim s t u d y deal ; w i t h p roduc l iu .~ of the basic pest ic ide chemical*. 1 hus i l doe;
nn i a d d r e s s p rob lems c f d ioxm f o r n u t i o n possibly r e s u l t i n g I r o m f o r m u l a t r o n ,
s l u r . i pc . f ' l i l r i b u l i o n . iiid u t : l i / . a t i o n u f t h ; pes t ic ides . I f e x p o s u r e t o a l k a l i n e
f o n n a l i o n n:cJia or c ! c \ a i c d t cmpcra l tn ' e s is e n c o u n t e r e d in any o! ihc diverse
procedures f jr lundl in t : and use of thc^e pesticides, d ioxin loi ma lam could be ^
s i g n i l i e a n l p r o b k n i .

Sflfi'liiin and Cluifijlroliuii

The pcsiiciJe c h e m i c a l s uxrc sclecied loi c v a l u a l i o n in th i s sluu'y on the baxis . if
moJcc i ^nr s t r u c t u r e . I r o n , those h»cd as ct i r . intcrci .nl pes t ic ides in the Iv.rm
C h e m i c a l s Handhool . . The p r i m a r y c r i t e r i o n was an o r t h . o - h s l o p h c n o ' . i c s t r u j - i u f f .
or Che der iv . i ihe esurs ar:d sa l t s thereof . Al?.o considered vccre o r l h o -J:!ialo
? r o m a t i c s t r u c t u r e s , u Inch conce ivab ly cou'.d conver t to phents ls upon exposure !o
a l l v a l i n c c o n d i t i o n s .

A second c r i t e r i o n uas a m i n i m u m commerc ia l p r o d u c t i o n l e v t l o l IPuHJ pounds
or SI IXIO va lue per year. These correspond lo the minimum level; :ei|uired f.u
i r . c l u . i o n :n the S t a r . I ^ r d R e s e a r c h I n s t i t u t e D i rec to r s o l Chemica l p r o d u c e r s .
v\ h ich u js a p r i m e r ) r e l c r e n c c . 1 he l i s t s J re based on p r o d u c t i o n d u n n ^ the past 10'
y Cd r s.

The pest ic ide c h e m i c a l s cons idered in t h i s Mud v arc l i s t e d in TaMe S. I bev are
grouped i n t o classes r e p r e s e n t ! *.^ l ikc l ihov id ol d i o x i n f o r m a t i o n , as f o l l o w s :

Class I •- H i g h l y h V e l y to be associa ted wi th the presence ot h n l o ^ e n a t c d
dibcn7o- ; i -d inxi r i i because of ihc presence ol an ortlH)-hjioi;eii.v.cd phenol in the
r e a c t i o n s e q u e n c e , vnh subject ion to e l eva ted t e m p e r a t u r e ( >M5° C'*) plus .
c i t h e r a H a l i n i i ; or the presence of f r ee halogen.

("bss I I - R e a s o n a b l e but lesser p r o b a b i l i t y of such1 d i o x i n assoc ia t ion because
of the , .'scncc of phenolic or arorr.atic s t r u c t u r e s r e l a t e d to dio.sms: a l t h o u g h
no t d i r c c t l v i n \ o l \ i a ^ J iox in prccurs iv ' c condi t ions , such chemica l s might f o r m
diox ins under i r r egu la r operating conditions.

T A B L E S . LIST OF PESTICIDE CHEMICALS

Chemic*! nime

Olorani1

(cont inued)

2.3.5.6-Tetrachloro-2.5-crc lor he l
1.4-dicne
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TABLE 8. (continued1

G$n«r*I name

2.^-0 and os ie rs and sa l t s

2.4-DB and whs

Oicambs

DiCaniba, dimethylamine
W'l

Dicapihon .

DicMofenthton

Disul sodium (sesone )

1. 4- DP -

Erbon

He»achlo(Ophenc

20

i"2.4.DichlofOphenoiy; aciMic acid and
esiors end sails

2,4-Dichlorcphcnoxybiiiync acid and sal ts

3,6-Oichloto-2-metnosY^n2oic acid

3.6"DichIoro-2-rne!liotybeiuoicacid.

dimefhylarnme sail

PhosphoroihioiC nod o-(2-ch;c(o-4 •
tiitrophenyl; o,o-d'n:eihyl ester

PhosphoroihioiC acid o-2.4-d>chlofOphenyl
o.o-diaV'jl ester

2.4-D'Ch!oroph6noxycrhyl suUaie,

sodiuai sail

2-[2.4-Dir.hloropheno>:y) pfopionic acid

2.2-Oich!oropcop3noic acid 2-{2.4.b-
(rrc)^lorcpht-noxy) ethyl f.slet

2,2'-Meihylene bis (3.4,6-trtchlerophenoIJ

2.2'-Mfclhyl^ne bis (3.4.6"trichlo''ophinolj,

Pentac)ilo'cphenoMpCP)
and soils

i ano e s t e r s ond

2.4.5-T and e s i e r s
softs

It

EromoiyniJ

(continued)

2.4 -OicMofophenyi-p-nitfCphenyl el

Pentachloropheno' and sa-is

hiO'C actd. o.o-d'rneihyl
0-(2.4.5-mcMorophenylJ ester

2-(2.4.5-Trichloropher\oxyJ p<op;onic

acid ar%d es te rs and sa l ts

(2,4,5-TnchIcrpphencny) ecelic acid

2.3,4.6 -Tetrachlorophenol

2.4.5-Tnchlorophenol

q-Ben:yl-p-chIorpphenol '

3.5-D'bromo-4.hydroxyben;ontinfe

^ kte&£î -
'



TABLE 8. fcoruinued)

jj

i

Gfln<K8l name

DCPA

Diclilone

Diniuobutrlphen
ammonium sail

Loiynil

L>ndane

MCPA

MCPB

Mecoprop

Parathion

PCS'? '

Chemical name

Phosphor odtthioic acid j-[l(4-chloro-

phenyljihiojmalhyl) o.o-siicihYl rs'.ei

2. 3.5.6 -Toirachlof 0-1.4 -b^nzenedi-

csi-boxylic acid dimethyl esier

2.4-Oiriiuo-6-s5--b\jiyl phenol.

ammonium sail

?.5-Qnodo-4-hydfoxybeiu£>ni|nl6

1.2.3.4,5.6-Hexachlorc<yclofii!xsne.

Carnma isomef

(4-Chloro-o- iolo*y! acelic acid

4 -{2-Me[hyl-4-chlo/ophenoxy) bulync

jcid

2 ^4-Chlcxo-2-meihylphcno»y) propionic

acid

Phospho/olhioic Bctd o.o-diathyl c-(4-
niirophenylj estbr

Penochlo 'oni tcobeniene

Pipe'alin

Teuadi/on

3-(2-MeihylpiperidinoJp'Opyl-3.4-

dichlorobonzoala

3.4-Dichlgroptopionanilidfl

1.2.4.Tnchloro-5-I(4-chlofOph.enyl)-

sollonyl] benzene

2.3.6-7ricMorot>en;oic acid

2.3.6-TnchIorophenyioCi;< acid and

sodium sail

1modoben:oic acid

Chemical Hcaclions

Hijhct chlorinated dioxins have been delected in samples nf i number of
pesticides prod-jccd from 1950 10 1970. Data f:om Ihcse analyses were summarized
by Fiihbein (1973) . as shown in Table 9.
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TABLE 9. HIGHER CHLORINATED PIOXINS FOUND IN
COMMERCIAL PESTICIDES'

Pesticide Totr«- Hms-

PhenGiyatVanoauis

2.4.5-7 *• *»
Silver • +
2.4-D - •
tibon
Sesone - «

Chlcvophenois

Tr i - - . •
Te l ra - - '•

Hopts- Octa- conljminstad

23

1
1

<. 1
1

« ,. 4
«. tt 3 -

lostsd

42

7

24

1
1

6

3
10 11

Others '

1573
b— Co

C--DV.PA. i

* = 0 S 10 10 pprti

- = <0 S ppm
tc l fadr ton v**<e lourvd to coniair. chlo'oJ'OJti coolammalkon.

Sum' of ihf dtoxin.1; present diflcr from ihoic expected on Ihc hasti of (he
strai j jhi fmuard ir.cclianijinj hypoihcsi/cJ. 1'ossiblc reasons lor ihis niay he ilui
other mccturmiT.j are at vo:k or lhat jubslaiuial disproporiicnaticn is occurring
zrr.on^ i|-.e diu.\ins initially formed, as hjs htcn sujigcslcd by Umv Chemical
Cumpany (R. iwls 1979) and others (Hu>cr 1970).

R e a c t i o n nKch.inisnis lo' ;he Class I pesticide products are sho«.r, in ihc
followinji f igures. The intended produc: react ion sequence is l':om left lo right
a c r o s s t^c lop o! each fiyurc. and the pos-sible dioxin bide react ion mechanism
diverges lo i jpical dio.vin byproducts at the bot tom of the figure. The specific
dioxin products shown arc t h o s e for which reasonably s t r a i g h t f o r w a r d
mechanisms car-, t-c postulated. In many cases: mere complex and secondary
mechanisms m3> produce dioxins in addit ion lo ihoifihoun. as evidenced by their
analyueat dciceiio^ in a nunthct of products (Kishbein 19731.

The initial react ion steps in producing irt3ny of the Class I pesticides arc very
similjr and' thus th: pesticides are grouped by common mechanism. Similarity is
noted in ?.4.5-T. siNex. ronncl. 2.4-1). crhon. sesonc. dichlofenlhion. dicDpthon,
bilcnox. and dicarr.ba. The final sub>titution paltcrn differs in each case, as docs
the precise hjlophcnr.l or chlorohcnicnc starl ing s t ruc tu re .

The f i r s t s tep in product ion of 7.4.5-T. si lvcx. runnel, and c(Son is identical
O'i^urcs 13 through 16). T r e a t m e n t of l .2 .4 ;5-tet r3chlorobcn^cnc uith caust ic
yiclds ?.4.5-trichIo:ophenol. Ihc react ion condi t ions arc suf f ic ient ly d r a s t i c ,
including alt^.hr.r.y and elevated tcmpcrjiurc. to cause formation of the n- -
kctocarbcnc. which reac t? «ilh the chlorophenylatc to £<vc ihc predioxin. which
ihcn r e a c t s lo \ieli! 2..1.7,S-TCI)U. Continued alkaline processing, uhich occurs
with each of these product i tems, also contr ibutes to Ihc same t ransient
in te rmed ia tes a.icl co.-isei|uently lo format ion of "!,X7.K-TCI)!.>.

5S .
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~COOH

CH3-CH

ESTERS

ff 0?Na0

^Y

a" ̂ f ci" V
Cl \ / Cl

Cl

cr ^^o

,CI

"Cl

c'lPl"0^Tcl
cixV^o':'-^^C|

J . J . 1 . S - I C 9 0

Figuro 14. Silver and e s t e f s and satis.
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F i g u r e 15. Ronnel .
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L ,Cl 0 A ,CI O

. '' OCH.-CH,0-C-CCl,CHj

-0

Kiguro 16. Erbon and sesonc
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The normal reac t i on sequences for 2.4-D. 2.4-DB. 2.4-DP, disul srxJ-um
(seSiir.e). dichlofcr.tnion, bileno.x. and mtrofen (sequencer shown in Figures 16
through 2?) arc analogous in their early s t e p s to thow: of 2,J.5-T;ind o the rs in th;
group fj<t described, hut occur via 2.-l-c'ichioropheno! r a t h e r lhan 2.J.5-
tnchloro phenol. The Jio.M.n I or melton sequence is !:leu-isc a nalopo us but typically
would produce 2.7-DCIM). -
. Note that the reac t i on mccluniim for disul sodiur.i is presented in ihe same
figure (Figure 16) \ \ : \ ' . \ '.hit for erbon. This placement is not meant to imply that
the \ arc co-nroJu; is. but ,'iither is intended to demons t ra te the anulo'cous reaction
p a t t e r n s of typical pes'.i rides dif fennc as to halo^erution and subst i tut ions. Similar
zruloiMes ca n be ^rau n ;»rroni; nca rly all ol I he pesticide ch-.rmicrils studied.

Another point. imr-onam M dio.xin format ion, is d e m o n s t r a t e d in Figure 17.
shov-in^i the reac t ion for 2-1-D. The reaction sequence i'0;uentinnahy cited is
chlor! nat ion ol pheno! I o 2.4-dichlnrophennl. fol lowed bv a. reac t ion wnh
chl.KOjcct ic acid in the presence 01 caus t ic :o produce 2.-4-I). 1 his l as t s tep v. i:h the
dtchlorophcnol ur>Jer a lkal ine conditions car. result in dio.xm formMlion. An
2 I tem JM\ c p rocess sequence c i ted in (h-.* pa ten t hi era lure ( M;tnikc 19491 r e v e r s e s
ihc order o. chlo.'ination. ab sho^-n 11. die upper t i e r react ion o! Figure if--. This
sequence v-.ou!J he c .xpcc icd lo rduce the liVelihorxJ ol JIO.MH Icirmation. A
commcrc ta l i x f e a s i b l e \ ie ld in e x c e s s ul Wl percrnt is noicd. b-ji the cMcnt o(
comnierctDl unli/jtuin ii not Vnown. 1 his" icacunn sequence cuuld pOsiihly be
a d a p t e d t o o t h e r d iha lo^enatcd phe no; \ \aJkanoaies. vuth an expected reduction in
d. 'OAtn fo rmat ion .

Dicaniha (I : ipure 23) ui»ii ••.< di-ncthybmine sal t p resen ts one of ihe more
corn pie \ dio.xin c 'c : i \H t ion pat terns because f'l tKc continued 3iV;j!ir,c condit ions
under u h;ch v a r i o u s ^cbstnui ions a re made. First, p re par a tior, of 2.5
did'.torophcno! arxj n> subsequent lunher exposure to caustic rvsy l ts in t rans ient
inurmcJraio ^nd p:edio.\ir.> thj; form 2 . / - [ ) C O D a n d 2.S-HCDD. In addn-un.
\.r\:'.:r ii'l. ^ !i:i: pr ».vr>"•!»;• o! i ne iTarho\\ 1 anJ n*.e;h>l s"jb\!:t utrd lorm', c.ia rcsui'.
in \^ r :c -uvs subiiiiutc'' dioxms. only two rl v.l\ich. lo~ sminlicitv. arc ihow n in

I'cniachlorophenoi ( I JCP). a commercially hiph-xolurr.e chemical, can be
manufac tured b\ ;«o basic me!hods. One involve* direct cl.ior.riution of pJ-.cnol
(f- i ku rc 2-*) in the presence of sn A 1 C' I, Cd ia lvs t . T he presence of normal f \cCsS
ch!'.»nnc is conduc ive let fornuiion of a f ree-radicut interme^iaic. ihcn ol ihe
p.'cdro.xir.. and u!'.i:r.3icl> of OCI>1). The a l i e r n a t i v e prcxress based on caust ic
trej imt-iu cf hcxuch loroben/ene (Kieurr 25) p.*>duce> chlor inated transient
i .T ' r ; i7 icvJ:Jtes ^n.^Io^ous to the 2.4,5-T >er ie< Kut full) chloroe subst i tuteJ. "lliese
in t u r n form ihe p r e d t o x t n and hnally OCOI).

The comp.. -e-rudical mechanism by \\hich chloranil is nude (Figure 26)
resu l ts in t.. '. . ; n te r media to similar to t -o>c occurring as b ".-product
d e r i \ a i i \ r s ; i pi." ' T h e r e f o r e . OCDl) should be «-.\pccic-rt as 3 diov in
conia niinant.

Hr \uchloropl-.cr.r ^: .-s sodium Milt. Isobac 20 { Figure 2?). are produce^I from
2. - .5 - lnch Io 'ophen. . ' v - h o s e p re l in . in^ ry p r o d u c t i o n f rom I.2.J.5-
Ic lnachlofo lxn/ene is v.vricd out bv rc.cison ^-ilh caust ic . This f irst step
p o I e n 11 ;t 11 \ lo rm\ ij K < * • r. prccutsor i • i t m 112 r to ;he equivalent step in the
maiiL' taciurco! 2.-J 5-T. C onsc•qucntl^,2.X^.^ ;• l t ." [J^) lslh<^n^lClp'atcdb^'p^oducl

"Ihc product ion of 2 ,X-v6 - tc t r3ch lc ropheno I (Figure 2^) b\ :h!orir.3tion of
pl:cnol uould K< e x p e c t e d to yield t r a c e b \ p r o d u c t s of \ a r i ous i'-omerle
he.iichlorodilxn/o-^-dio.xini \ ia a f ree- rad ica l incchamsn.

Apoin. btvjjs^ r.{ the anji\.t;{_jl e v i d e n c e of mar.\ dic\ir,% oll'.ei than lho>c
hypoihesi/cd in thoc mechjnunn. no specif i - . -dioxin presence should be presumed

6.1
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NaOH, CH3CH -C02H

Figure 19. 2.4-DP
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G?N30

Figm« 20. Oicaplhon and dichlolemhion.
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NO,

COOR

Cl

Figure 21. E fenox.
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l . t -HCl

f igure 22. Niuolen.
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Figure 23. Dicamba.
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.OH

«! Jill

Ci Cl

Figure 24. P e n i a c h l o f o p h e n t .': , ') via phenol.
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ci- "Cl

Figure 25. Penlachlorophenol (PCP| via hexacMoroben/cnc.
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Figurs 26. Chlorani l .
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H t l i C H l O M P H t K C I S O M C 21

J . J . I . I - K S D

Figure 27. Hexachlorophene and Isobac 20.
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Ht l l - tM ' J

F i g u t Q 28. 2,3,4,6-TcuacWoropheno'.
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Table 10 summarizes Ih- primary raw materials involved in ihc production of the
CUss I pesticide chemicals.

A nunc complete discussion of many i*f ihest pesticides appears in the following
subsections.

/f.

/ .

TABLE 10. PESTICIDE rW.V MATERIALS

Posticido pioduct

Bifenox

Ch'ora.vl

Raw matoriaii

2.4 Dichlorophenol
3-Ha!o-o-ni;robenzoic ecid ester
KaOH

cri

/ .

-V* • :

2.4-D an! e s t e r s and sal ts

2.4-DB ani' sai ls

Pr.enol
Chloroacelic acid
NaOH

"- i
Alcchcils (li-r esters'
Amines (for amine sal ts)

Phenol

••%$

• •"

Dicam'ja

Dicapthon

Dichioienion

Disul soJn:ni C-esone)

Buiyroliicione
Alco^icb (lor es ters )
Amines (for aniinp soils)

1.2.«i-Tr ichlorob^n^ene
NoOH

CO,
Dimethyl sullate

2-Ch'oro-4 -nitropNonel
MaO.Li
ChlOfo<Jiincihylthtuijhosphonate

2,'lOichtoiopherol
UaOH
C>ifoiodmelhylthio;jhospho'>att

NaOH

2.4 DP 2.4 Dichlo'opheno'
2.Chlo'op'Opiomc acid
NaOH
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TABLE 10. (cQntir,:-ed]

Pest'rcido product

trbon •

Haxachlorophene and
Isobac 20

Raw mstcrnilj

1,2A5-Tel:3cMof(jl)cn;en6
NaOH
Eihylene oxide
2.2-Dichloropropionic tcid

l,2.4.5-Telrachlorot>en2cn0
NaOH

Pemacriiaropriennl (PCP)

Ronnel

Silvex and esiers and salts

2.4.5-T «nd esle'S and 5211s

2.3.<.6-TeuechlofOphenol

2.4,5-T-'ichforophencI

Ethyler.e oxide

2,4-Dichlorophenol
Chloro-4-niuober./ene
KOH

Phenol
l rouie)

Benlenc
Cl, (Hexachlofobe.'>2cne foule)
NsOH

1.2.4.5-TeifachIorobenjene

Phosphorus su'forhloridc
NsOCH,

1.2.4,5-7etracfi!orot)enient
N a O H
Chloroprop'onic acid

Alcohgfs ((of esiersl
Amines !'of emme sails)

1.2.4.5-Tcuschlofob«n/ene
NaOH
Chloraceltc dcid
Afccho's (for e s t e r s ]
Amines (/or arnine sai ls)

Phenol

1.2.4,5-Teiri<chlorot)«njcne
N'aOh
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D I O . V I N S IN C O M M K K C I A L C t n . O R O P H P N O l .S

A N D T H K I R D K R f V A T I V K S

Since most r epo r t s of dioxins ,itc associated with chlorinated rhcnolu'
compounds, this sc-:iicn examines ihis group of organic materials with respect to
their leportcd din.\in con taminants and ihcir ut i l i /at ion. manufacture-, production
volumes. 2nd dcr is -a tncs. Similar information is' presented. \vh-;n available. Mr
he».achlorobcn;cnc. which has been found to contain i! lox ins. and also fora pri-iip
of o ther related commercial chemicals that theoretically could contain dioxin
contaminants , although no analyses have b-rcii reported. hor each chemical, the
d i scuss ions include the probable processing s teps that mas' piomotc dioxin
format ion and uiso the mechanisms through which d:oxins could appear in the
asson-itcr! process w a s t e s or he re ta ined within the chemical prv>ducis.

Chlcrcphcno!' ,
Chlorinated phei.ols are a family ol 19 compounds, consist ing of a hen/cne ring

to which is c t lachcd one hyjro.\yl }:roup snd from one to five chlorine atoms. 'I he
posit ions of the chlorine atoms with respect to the hydrb.'.y! K'oup and to each
other pros-ide the opportunity for three monochlorophenol>. '>x each ol'diehioro-
and trichloropJicnol-.. th ree telrach'orophcn>0.s. a:td onr pentachlor.jphenol.
Many resear:'hor.s have es tab l i shed the presence of dio.xins in these chemicals;
Table I I l i s ts the rcsul:s of severa l such Mudies.

• D a t a in Ihis t;iblc show t h a t until recently dioxins have not been found in
corr.nu'rciai!'. produced rr.ono- or 'JichUuophciKiU. 1 lie pieiei^cc ol 2.X7.X-1 C'DD
in lou concentrat ion was lnun;l in 1979 in a railroad tank car >,pill of •«-
chliiriipncnnl. One or more samples of all c'hloiophciiuls w i th three »r more
chlorine a toms ihat base been examined b a s e contained dioxins. TCDD's have
been idrntilicd not on'\ ui the !!.4.5-lrichloro isomcr but aKo in the 2,4.6-tnchioro
ison'.r.i'. C)nc ot mo-.c samples of tnchloruphcnol have contained riioxins w-ith IHO
10 eifhl chlorine subst i tuen ls . Only dioxins with six to eijih; chlorine suhsuiucnls
have been found in le t r t - and pentachlorophenol. Numerous analvr.cs have

- confirmed t h a t dioxin.s w i t h less than six chlorine subst i lucnts arc not found in
penuchlo.-iiphenol.

Most commerci.il chloror.hcr.ols are u.scd D.s raw materials in the svntbcsis of
other organic compounds. Some of the less highly chlorinated phenoK are used
v.:? h for ma Idc hs'Cic lo rule f i rc-reMsla nt (hcrnioscll ing plastics ( I )ocdcns IVN4).
Those cor.iaininj: three or rrtor: chlorine atoms arc used direct ly as pesticide
chemicals. 2.4.{i-Trichlorop'.icnol is cf lccl ivc as a (unpicide. herbicide, and
dcfo'iiir.t ( l lasv lcs 1971). U was formerly used in lat(!c quamiiies in the leather -
tanning industry; however , its u\e in this mdu.-'ry has decreased substant ia l ly ! U.S.
Lnxirnnniental I'rolcclirm Af.cncy i9?Xa) . probably a.s a resul t of the improved
c l fcc l i vcncss und mass production of 2.-I.5-trichlorophenol. a subs tance of
sufficient importance lo w a r r a n t a .special sect ion in ihis report . 2.XJ.6-
'telrachlorophenol '.s UMd as a p r e s e r v a t i v e for wood, la tex, and lea ther . ?nd also
as an insecticide (ko?al et al. l ' )?9).

Pcntach lorophcco l or us sodium s a l t is .said to be the second no.st wide!) used
pesticide in I he I'niicd S t a l e s . It is c f lcc i i \ e in (lie contiol ofccrum bac te r ia , vea.sts.
slime molJs. alj:ae. funj::. plan Is. insects, and snails. Because ol its broad spectrum.
pentacri lorophenoS is used in many wass:

• As a p r c s c r v a i n e for uood. -Aood products, leather, bur lap,cordage. : larches,
dcxtnns. nnd plucs

• As an i n s e c t i c i d e on m a s o n r y for l e t m i l e coi: trol

7X
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T A D L E 1 1 . CHLORODIOXINS R E P O n ; E O I N C H L O R O P H E N O L S

"

Chlo.oph.-ot ~,,PW

rc^r01
...<Mo,oaH«.wl ,

O.CMo-OOH'"0^

2.6.d<Wo.oB^r«(

T<Tt̂ *o7o'orv,nol
(1909)

2.4.S't»«h1o<opht«'><

11970) . .

2.4. S •l>n:hto'och«">ol
J197OI

J.<-5''"<w"<**en0i

Nt.j'.".'s.l..chlorw>h».x>(

[I9B7|

;N..J.4.5.|fchtofc0h»nol

2.4 .5 -tt <MoTO*ihenot

3.*, 6 • rrtchloroo^'*^'
u,chl-vw'..nol

(^ominu«di

CMo/Ddio»lni f -CDP'i) . ppr

T»ooo.cOD'» OCOD'i t f l -COD'i TCOO'» p«ru»-CDD'*

NO NO NO NO NO

- - - 0 037 (7.3.7.01°

NO NO NO NO NO

HD NO NO NO NO

. NO NO NO 030(1.3.8.8) NO

62012.3.7.3)
NO '10 NO NO 1 5

NO NO .VD NO NO

NO NO NO 007(2.3.7.0) NO

NO NO NO SO NC

NO . 07J I2 .7 ) NO 140(2.3.7.8) NC,

' 0 30(2.3.7.15)

NO NO 93(2.3.7) 49 113.00) HO

HUtC- 51

!v.»»-CDD't h*pl»-CD-'3'i OCDO t>nTo »oure«

NO NO NO r.-<rvlon<! (077
Chrr-<jl Wf-V 1979

NO NO NO fircilonf 1372

NO no NO f.rrtlor.e 1972

NO .NO NO fi'«lon« 1972

NO NO NO . "Fmstont 1972 .

NO NO >:0 Fi'tltonf 1972

H? NO NO f.f'5'.OfV 1972

NO ND NO r»mone 1972

NO NO NL/ r.jcstone 1072

Clv03<r 1971
NO NO NO r.xvone 1972

05-10 05 -10 0 5 - 1 0 Wr.o(to« rt Jl 1972

I



TABLE 11. (r.ominued)

Ch'0,ODh..«,l..-pU

'r^rr^^no,
(Dowtctda 6)

7.3.-«.6-irif»chiO"Xi^rfX)l
2,7 .< .6- tc If 3CM<XO0h«rvol

? 3.< .8 -leiier hlo'opN*»>ol
,t,,.CM<x0cn,no,

PCP \Otr-ts. c»<*« 71
PCP
N«. PCP 11967)
Ne. PCP 119091
PCP (19701
PCP (19701
PCP (19671
PCP (19691
PCPI197CI
PCP 119701
PCPI1978I

nIp
t?<r"C^00 r^al*

PCP (te<Hn<Bt 0'**<Jc]
PCP (f e*g«m 0f »d*l

ono-CDO-.

NO

NO

NO

.

, '

-

NO

_ NO
' MO

NO

NO
NO
NO
NO.
-

I

i DCOO-.

NO
NO

NO

•

-

no
NO
NO
NO
NO
NO

NO
NO
-

1

.

c

t.l-CDO'i

NO

NO

NO

-

.

.

NO .

NO
NO
N3

NO
NO
NO
NO

:Mo,o<lk,«Jn0(-

7cno'. p

NO

NO

NO

NO (0 5)

.
NO 10 5]

NO
NO
NO
NO
ND
110
HO
HO

NO 10 11

".

NO

NO

CDD'il. p^

..„,.- COO'

NO

NO

NO

-

NO

NO

NO

NO

NO

HD
NO
NO
-

_

-

err"

. N....COD-.

G

2 D

« :

NO
10-100

9
10-1CO

14

"T
39
35

0 1 7
13

051
15
19

i

. 33-42
003 -003

h.p,..COD-,

1 1
NO

NO
10-'lCO

235
1OO-10CC

14 <,
11 3
49
23
NO

47

2 1
23
140

?73
19-2-1

004-C 09

CCDD

0 17
IVD

NO

10-100

3SO
100-10CO

3 3
3 3
15
NO

NO
NO

5 3
is

O2

VJ.3300
7-1 1

oo; -o 03

Out* toufo*

Ouvrf 197S

r.fesionc 1977
F.fHtorf 1972

Tifrllone 1972
Woolion r\ Jl 1972

Bl/,,, ,s,s

Wryior 1972
F,rH't>o» 1972

f.,fCJ1tX.f V 9 7 7

c... Do-i- 1977
F.teMOne 1972
Fi/Mlonf 1972
F.f;:!0"c 1972
F-:tt:o"t ! 9>2
Frrtl'j.ir 1973
D.O."" m 1 "dm n til S tixJgei

1978

V.l.v^crva 1 073
Vrioni_evB 1 973

V
'.1;'
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TABLE 1 1 . lcor.nr.ufd)

CM0rt>,Jiorlni f -CDD '« ) , PC— ,'r*

t~il.-COO-t h»..p,.COO'J h»pV».CDO'> OCDO

PCf. H7|

PCP r» PCP KJ (7>
PCC (D^->-.cra» 7 197OI

7 1970)

D - I 7

0-23
OO3-10

t 0

9-27
NO-2

0 5- IBO
125

«5

1977
O-3GCO C'ummri t ;97S
5 S-370 Butx- «od 8ociM"H 19V6

12/73 SAD
1 Ti - PCP Ad Hoc.SivOy RPDOH

IJ./73 SAB
S 7 S - J S 1 0 Johru-n n «t 1973

•-.1

I
'j,
I

1
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* As a f i . n j t i c u l i - 1 v. II in i w i d e in pi;'p und pnpcr nulls, in cuu l i nx lower w a t e r * , urul
in e v a p o r a t i o n condensnrs

* A* ;•- pK'h;:rvc\( weed defoliant on seed ciopx

* A^ a |MC icn , i i i \ c on h - r a n t ( lor r e p l a n t i n g only)

* AS « in; URN ol c o n t r o l ! i f > ) ; i l i n i c s in second jry uil recover)' mjecl ion v* a t c r (in
i h c pc ' . t r leum i n d u s t r y !

Hy f ; i r l l : c tn.i jor u\e uf pe iUach 'orophcm'I is ;js a *.v ood pi c\ct va in e. It u as once
r e p o r t e d in l i ; i \ f been used in shampoos. h o w c v e i . ( h » \ c l ic imcr t l docv not now.'
nnpc.tr lo he used KS ;in n^rcdiirnt in coiniciics or dt ncs. since it IN no I listed ci ther
m l h e f l l A Cu>rnc i i c I n L ' r n J i c n t Did ion i i ry (CoitiKlic. I o i l c l ry . ' j n j }-iuf.rurn:c
A % 5 i k : t a i i o n . Inc. !9?'/}. o r t.'i l l i c P h y i i c i n n i k " i)c*k K c f c r c n c c ( I V 7 K ) .

'1 hrouj ; ' 1 c ' '^c f pft-ccis \ 2 r u l i o n s or s e p a r a t i o n of m i x t u r e s hy f r u r l t o n a l
(hid Hat t un . m a n u l a c i i i r e r v kc lcchvc lv produce ch lorophcnol i With sped he
number N ^nd n r r u n ^ e m c n l i of chlorine a t o m v . Table 12 shows tha i 1.1 ol Ihc 19
poiiit.le c h l o r o p h c n n U src c u r r e n l l v vole! c o n i n i c r c t a l l v in M i f f i d c n t vo lume lo he
l i s t e d in th : i ^ ? S Sun lo rd K c & c u r c h I n s t i t i t i r D i rec to ry of Chcmtca ' 1'roJuccrv
Seven ol these yrc rr.at.'e in l i iuch ln^ i ie r v i t l u r r i r t h a n the o the r M.X Ihc h i p h *
sohir.ie proJuc is ^re h!l nude hy one ol two m ^ j o r types of nun-^ ldc iu i in j ;
proceisci. r e f e r r e d lo h e r e i n *s the b v d r o l y M N mclhcn! and ( l ie ducc i c h l o r i n a l i o n
method .

<\ \ \r.f n t u n i r d c j i l i c r . c l )Ui fophcnol \ a te ben /ene r m ^ \ ih^t cun t jm one
h ) d r o x y l j i roup .ind one or more cMormc ;:itmiv "(he ha i i c ravs- m.:icri:il in the
n\* n u f j i c l u i r of c l i l o r o p h e n o t > is hcn/cnc. ^nd the tuo maj;»r m; i i !u( j ' r tu r tng
methods d i l f c f p r i m a r i l y in I he order in v hich the i u h v d t u e n t s ore a 1 1 a died lo the
hcn /cnc mix- In the hyjrnl ; .s i \ methrxJ . ch lorophcnoU »rc nuidc h> t c p h i f i t i g one
c h l o r i n e - i u N i t i t u e r . i ot y po lych lonna lcd hen/cnc * i t h a h \d ro .xy i sroup. The
hvdrolvMi n:ciliod ii the only pra- ' l ic^ 1 niet hod lor prinjucmp vonie jl the
cKlotophcao 'A. \ucK ai iKc ^.^.5 i\^n\cr, this isomct ii ^jspirfmly ^^^: \i\^ly %>r»c
c u r r e n t ] ) pnxJuccd in Uryc q u a n t i t y by i h i < ir.cihr.d ( K o / u k 1979; l ) c in / c r 1979;
C h r m t C B l • I ' .ncmeenn^ -19 */i). In the dif cc f ch lor i n a t i o n m-.'lhod. p l i e n o l
( S \ d r p ^ \ h e n / c n c J iv reacted wi th c h l o r i n e to I or ma t a r i c l y ol ch lo rophcno l \ . Hach
n u i n u l A C ( u i M ) ^ me: hod i i more f u l l y descr ibed in t he pa ra j : r aph i hc low. In
t J J i t io i i . a Jf t a i l ed descr ipt ion of (!>c m a n u f a c u r c ot 2. 4. Vt pchlorophcr .n l ( 2,-(.5-
1 CI') u uut l incd » c p j r a t c l y ,

H > d r o l ^ M m.Hhcrd--"I he ^lr^^ >;ep in the h\ drolyiu nietiu^ n . the i fucc i
r h - ' o i t n a i u m ol f>en /cnc . I h r o u ^ h a scr i r* of d i M i l l a i i o n j . r rchloniui ior .%. and
o i h c r rhemu- j l I r e a l me nt- . ve \ero l pun r cd ch lo robcn / rne compnunJ-* «rc
c h i a ine j I h i ! c o n t a i n f r o m tuo lo MX 'h lo r inc t u M t i l u c n l * . S r v c i l i ^ c h i n r ( » p h e n n | i
a r e t h e n nude h y rccc l ine o n e o f " t h e c h l o r i n e n j r n f i i u c n u w i t h c a i - M i c . t h e r e b y
r:plcc;n^ ihc c. iKuinc a tom u i t h i l i n l r o v y l p r o u p KCC I ' t ^ u r e 29). I 'hc r eac t i on
Uto pbcc in 4 ' lub 'cnl in v . h i ch b o t h ma te r i a l are v o l u b l e , n i n j the m i x t u r e is hrld
a ! specific c o n d i t i o n s o f I c r . i p c r a t u r e s n J p r c > ^ u r e u n t i l t h e r e a c t i o n i v complete.
l)",c p iouuc i is t h e n recovered J r o m the reac t ion rr.i \ i u r c . The sol> ent ts iKcsI lv ' in
a l . o h o l ( m o \ l o f t e n m e t h a n e ! ) , a l t h o u g h u^c o l o t h e r s o l v e n t s IN pcnv.Me.

A « ^ 5 * prv'-cc^1! p i d t e n l d.*^crtbc\ l i i e c n . i n i ' f a c t u r e uf pcnuchloroph ' r . ;>! f r o m y
iiif;:.".^ ."riitero! ol he \achlm n l>cn/,ne ' ' .."S Client ( Xlice I V37e"*. Ni etru no! IN the •
v.-l.eiil . J i i ) ihc r e a c t i o n u V e s place *\ '..-••.ncrst u; o of 125" I» 175" C and
p r c M u r e ^ of 1^5 tn 1(-0 psi . R e a c t i o n ' in ic i* 'J. ' 1" .^ h o u r s , f rm method 11 V no« n lo
h d ' - r been u\ei! comrrv:rc i2l t> ( * \ r \ e n 3 U > . 1^7^) .

A \ i ml inn of t h i s prcH"c%v t- t i n t c l h v l e n e ^ Ivcol a\ the i n l \ enl a ho his Seen u^ed
c o c i - T i c t c u M v lur (he p roduc t ion o l 2 . -* .3- l r ich!3rophenol ( C ' u n i m o n c t and Scon
W!U\ W h i i e M d c 1977) .
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A process described in ani'tlicr IV.'7 pjleat uses water ys Ihe solvent in hs'drolysis
of dirhliiro- and iricMorobfnKiics (U.S. I'alenl Dflicc I957c). Icmpcrj lure is
maintained from 240" C to .MX)" (.' under sIValine conditions at autogenous
p r e s s u r e . Reaction iin:c xancs f ron? 0.5 to .1 hours. By lilt* method.
monothkuopUcnohart prixluvcd in yields iiiraici IhaTilOpcrcenl from w-. in-. Mid
/i-dii'ljloroben;cnc. Mcuchlcrnphcno! is formed us an impurity IVtirn liic oriho-
jnJ pjia- .tt.i(li»ji msitriah Ihioii^h nnj; rrarran^emenl niechaiMsmS.

• Orihoi'hliirophriiol. which ii the most likely dioxin prrvursor. is nol (tinned hy
.nn£ rcirtau^cnuiu b*u is produced in. X(\ percent yield trom (i-dichUuuh<n/cne.
A,So. hydrolysis ol l.r.-)-trichlori>hcn/cnc forms a mixture of dichloiuphcnol
•.somers in yields up to V5 rvrceni.

TABLE 12. COMMERCIAL CHLOROPKENOLS AND THEIR PRODUCERS*

Chlorcxph»nol

o-ChloropIiaoof

/n-Ch!orophenol

p-ChloJUphonoJ

2.3-Oichtoroprwnol

2.4-Dich'orophcnol

2.6-Dk:hk3roprv!nol

2.6-Dichbrophonol

3.4-Dichtoroprwnol

3.S-Dicl>broptienol

2,^.5-7nChlorOplieno(

2.<.6-7/ichto<oph«.iol

2.3.<.6-Ielrochlor.-x.'h«rx.'l

Pf"ntdchk)'ophenol

Dow Chemical Company
Mor.^-Mio Company

Eostn ian Kods^ Company
Aldrich Chemical Compnny
SpeCiHliy 0/ j iantcs. Inc.
fi.S.A. Corporation

Dow Chemica! Company
Monsanii Company

Specioliy Oroomcs. Inc.

Dow Chjmical Company
Monsanto Company
Rhodo. Ir.c.
Ver tAc . Inc.

Vets icoJ Chemical Corporation

Aldnc+i Chemical Company
Specialty Organ^rs. Inc.

Atdncti Chtmical Company

Aldrich Chomical Company
Sf>«i8lly Orojmcs. Inc.

DCAV Chemical Company -
Venae. Inc.

Dow Chemical Comp-iny

Dow Chemical Company

Dow Chpnucel Company
Vulcan Mato'iali-Conipnny
Reichold Chcmicilt

. U 5
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son ruccss
T l t r / . ! lOrS

C11UISI

Cl

linU'-n oi CKiPtcni i»oi isotiis

CIIIM5I
l!»v't;;!i;7

OH

29. B-Mtc

A WS7 patent ilcitnbcs lh< utc nf a combined mclhanol-w atcr »o(vcnt i)-*tcm
(U.S. I 'alcnt Office I*ft7h). lcmpc(»turc 11 fiumlaincd al 170° lo ?00° (". under
abovc-3t: l i>xcnous ptc»iuro. Reaction Imw n I hour or Iciv

A 1969 paUn! t'cvcriix^ \\ i \ \ anolhcr voKtnl. dimclh>UuU»xidc (DMSOHU.S.
Pi [cm Office l^n*)), l;vc of [his solve nl in a mi \luti* Mil h us !cr f>ci mill (he react ion
(o '. ale place a I i*mo>pr;cr!C pr c-tsurc; ciu\tic hydnjl)^t\ ol he nachlotoSrn/cn*.' In
rxnuchloropheno! cxrcu'\ at approx imate ly IJ.V" t' arid n complete in ahoiu .1
houn. 'l>iii proiT» ipparenlly h^j ne'vtr r<cn applied commercially.

When an nlcolinl u u>eil as a v;|vcm. the chemirj lmcchaniifn thai (vccuri
' involves an init ial equilil.rii.-m react ion rveluecn ihc alcohol and oi^tir lo form a
iodium a II: oxide, which i^ ihc reagent IhaT jc tu j l l yanac fcNthcch torohvn 'cnc i he
compound lormed f ir>! 11 the alcohol clher ol Ihc chlorophenol. On slandinj.
rear rangement of the compound occurs lo form the chlorophcnutc plus ar,y of
sevct i l side reaction product! (Xiducll ||J76). 1 hn iixchxnuni is jiynificsnl
h<c«use itc \plan\i lhe"a;in^"ilep that is i di\l:nci phaic inconimercul hydrol)\n
>equcnfc\, -nd it aKn c \pUm\ ihc \ub%tan t ia ! quant i ty of byproduct impurit ies
ihat are dcr i \cd f rom the alcohol ioKcntv • . <. -. . '

In all theic proco^ci. Ihc prinJuct n recovered lhrouj;n either of luo mclhixft. In
one. CAt r j c l i on into ben/ene \cp j ra tc» the organic niateriaK fro in v*j tcr. \jlt. and
tice^s caustic. Sub«q\Knt vaeuumt!ii(ill»tion(evl_ttmlhc hcn;ene foi r rc je lcand
also srpjritci the c.Mornphcnols inio pjtificd fr»ction\. l-\'i jclion w i t h f<n/enc
(or » jimiLjr iol\cnl) i\ piobihly the pre fe r red product recovery method (or
chloruphcnoU of lo^cr nicl'CuUr weight, opccialt) the mono- arid diclitoro-
producli. ViT.cc they arc more eas i l y dmillcJ than the ^ca^ l c r producti.

M
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'I he- aii.-rr.Jinc product rc 'covcry mcituxJ ix t<> filler the, reason mixture,
pcrrup* a l t e r partial ncuirali/alion or c\ jpois.lion and MibscOjUcnl cooling, lo
rectum un.'cactcd poiychioro-tcrvcnev t he toitit ion t\ then acidified ant! liUcrcd
ijuin u< collect 'he solid prmiuctv I Im \arut ion ti prohaMy hcM Milled lo
i c c o v c r s i>l ui-. Ic l ia- . and prmuchlornphci>M\ because. lhc\r proclucii nnj their
r.i^ i:r.itrti:\;\ :irc volitji 3! room Icmpcoture and t h e r e f o r e can b< removed moic
c-i-oU in the li'.ttiuon upciationv

Chlmi'phrn.iKcan Ix purihcJ by <! 1st lib lion I" vcpu: jlc hijli-Sni'unx inipurilin.
Icvlin'fai I'j'iihilils ha\ hern i fpt t r tc-d m Jhrcc 1^7-1 pjlcnu. in uhu'h purified
pcnuthliuiiphcr.ol 11 iri-iucrcJ in (;noJ \ \c\ i ) hy hi;:h vacuum JiCilljIuui in ihc
prociii-f nl chemical jubili/cn ll'.S. I'.ilc.il Ollice |974j. |')?Jn. l-J?4i-|.
l"uri!i.'j|inn ;>i ;A5-i.'u'hKiri>phciK>! by JiMilLaiion hj\ atio h<en reported (\Vo:IJ
llcrfhh C)ry>ni/j!u-n I V 7 7 )

1 he hiiih-icmpciiiiirc. hij:h-prf»urc. »no Urtinply »ll«linc condinonv of (be
hyc'rul) iu procc^s :irc conducive to Ihc (or malum ol diiixin Ov>ntptMiniJs. Althou^li
nn( in p:i>em II N. Ciininiercijl live, the h)cJrohn> nianul'iciurr (il penuchlori>-
phmcil \ - j> cipcoiall) lauv.iWc lor ihe lorniulion ui nclachloroJir>cr./iv/;-dio.xiii

jn T.V ;i 7J|. Ai Jr\ciil>rJ in nuuc ileiail LTICI in Mm -.cclior.. the
\ v'roh si\ rnrlhtxj is Lni) w n lo paxUicr -.X^-.N- ] C I Jl) li'om I.2.4.V

Dlrrci chloriniliuji mcihod — Direx't c-Monnation bcptn\ by the ddjiiios of h
hydro vyl pro;/p to hru/cnc to I din hydrt>.\\ Nrorcne or phenol. I hi\ com pound iv
niuiutaciucrJ in \pe<:i«:irril pbnti. uiiully through iullotulmu. c':lonnjtio». or
caulstic t iviJrtU in ol ocn/c:i': HioMn^ hj\r no; txren repor'.cd a^ rc^clunj: {rom
ihib portion ol il« pnx'os; tiin vrujy it \h t r r l c \ :e cnnt-emed only w i th ihc \n-i>nO
pen ol ih^' pfoetrv in >hn;h pher.ol u rraotrd v,ith chlorine tn lorni virtoui
f hloiophcn JA.

Ihe rrjcuon pi phcmit vnh chlorine actuj)l\ ' (ornn a rni\!uic of chlormjatrd
phfnoK Uee )-i>.rurr ^). ^iIh<lUf;h ixrtim oimpoiT.ds Jre lurnicd pxlerer.lullv
P:icci fhl:<ri:ulion i> pracncal. therefore, only if Ihe deMfcd prtxluci n one of Ilic
hi^U-ueld i'»nip>/ur.i)k l:.vcepl (n: )o»-\nlumr jpcciill) nomcrv iirul Ihe hiph-
solunic T.J.5 nomcr. all ctnrin>ercul i-hlon*ph^noK made in ihu cnuntr) are Ihoic
ihji ore lormcJ prelereuinllv hy ihu procc»i (Huier l^'b"; Ko / jV .|")?9; l)ein/cr
I')?>J; C'hcr.iicil I nj;:necnr,f: W7.X). Ihe^e invluJe mono- and dichkirophcnoK ihjl
*rc suh%uii:iCL' 3; PUM:.UT\ ? and -J. .he ivmnictricjl ?.4.r*-trichlorophenol ivomcr.
?..l.-(.ft-trirjch!oioprx-nn.'. «nd p<iuchlorophenol

("hlonnjiton «.i! phenol ej n he jcconipluhed in hatch ICJCIOM. hut n hc\'. N t i t le J
to Ihe caniinuouv procr M \ht>^ n in %:niplilia! Inr m n: I i^uic .10 (I - S. I'airnl Office
IVr^I. SI:HL; l^o^l l iquid phenol and itr lo'^cr chlorinjird phcnolv arc pa\ \cd
couolcrc i / r rcn: ! ; wi ih chlorine fit tnioupli 3 «cri<V«'l' react ion \eM;U 1 r>cc
imountx ol cilummutn chloride cat j ly\t arc added., uvuill) J^ a vr pa rale lecd in;v *n
inter n'.cdt.uc vesse l l^uipmcni is *.t/ed vo thai *U the chlorine u a.Vvurrxrd hs ihe
phcnoi. the I.*M phenol<onuinmp \esv:l u UMU!!\ huili a% a ̂ Cfuhhinj; column Uv
cruuie con-.p!e\c chlorine ab-.oiplion. <"u\ les\inf Ihc U'ruhhcr i\ in!i>dioui
hydioj;rn chloriOe. uhich nciihci u\cO in nihei khemical opcrmionvor di\v)HcO in
v* j 'er lo lorni ^hsljiniialh pu'e h\driK"h!onc acij »\ ;i hvpriKjucl.

U;c chtnuiphcnol cornfkiunj 'created "in p r c r f t c \ l amount hv Irm prnco* i^
olablnhcd hy ihc ralio ol feed rjlo of cMi'fiof an J phenol Hcciu'.c lII chlorine i>
coiuuiiKil. n n led at ia l f \ I lo $ llme^ the inuleculjr propcrlmn of pheiK1!.
Jcp-rndinj! on lr>e prT-Zip-^l prinjucl dcured. lo p rc \en l e x c c v s n c o\ida:ion lhai

1 prixluvx* nonphcniilir fhlon.ijirJ nr^jnir ronipoundi. Icmpcriluro ire cjreff.llv
reful j lei l . Ihc -i*' j j \ icnip\-fjiiirr\ /iv I.H1'; to IVU' ( (•-» pcnlachloropher.ol jivJ
1 7|)' C U*r 2,- l-d'ChJotopl:cnol I ' le^^ure u j [nio-xphcriC. and reaction un\e » .^ lo 15
hciur\U'.S I ' j t tnt Dllic '

I
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The mi Mute (ror.i the f.rst reacltoa vessel can be vacuuih-Oi^illc
s arious compounds. Unrcacicd phenol and any umlc.sircd less-chlorinated phenols
unuld he recycled. To m.iV'c sonic p.'inJucis lor which pu f i i vs tanda ids are ra!her
flexible. sc r y l i t i lc purif ication 11 mccs\arv. and some processes may include no
linal distil! 3 t ion or olhcr t r e a t me nt. Also, a chlorinated product may he wi thdrawn
Ironi Ihc scriibrx'r (u.snMly a mixiurc cl 2-and 4-mono- or 2,4-dichIurophcriottand
may be ei ther distilled, w i t h portions recycled ;o the first reactor Tor further
chlorin.'ition. or sold as is. 2X-[)ic.iioH:prienoJ may be further processed lo ihc
phcno.xy herbicide 2.4-1).

Svippkn\cnirJ procc^si^x >lcps niny be necessary lo remote contamuianls such
as "hc.xachltifrtphcno!" i 'he\achlorocycloKcxadienc-l.4-onc-3). dioxifu, and
furans from I'CT made by lhi> proccs.s. Hcxachluraphcnol nay b< formed during
Ihc process hy oicrchlnrinalion of the reaction mas; (U.S. Patent Office 19.19).
DioMtis may be.formed during distillalton by the conden.tJlion of TCI ' with ilscif.
or v,i(h hexachloropl'"1')! (sec Table .»; sex also Figure 2^. p.. 71).

Dioxifii have b-:en reported in numerous samples of PCP. as shown in Tahie S.
Alihouj:ii he.\a-C"ni)'s. hepo-CUD's. and OCUtJ are known to h<- present ir
conir.'-crcial .PCI*. -.X^.X-I COD has never txci: foui.d (Chemical Kej;ula::ji.
Repor ter !S''£; V.'.S. [invironmcnial Protection Aycucy I97f;e)

All PCP o.Tdc in t.hr United .S't.itcv ;<• produced by the direct rhbrirwlion nf
phenol: apparent ly ihc method invoK'ing ihc hydrolysis nflicxacMurobcnKiic has
never l>c.cn used commerciaily for ITP production (American Vi'ood Preservers
Intitule 1V77). i)on reportedly changed its produetiDn proccssin H72lo jiroduce
i I'C" v.iih lov.et tlioxin coniciU; ;he ulher (vo ptodui-ersoi'l'C'i'xppari.-nl'.y have
not lolloped DowV lead (Chemical Regulation Kcponer I97K). Details ol Dow's
process change were not repon.'d.

PrcnJucUon (ijturcs lot di- and flrachlorophenoh ate not available. Although
current figures d'r pcntachlorof/lienol production arc also nol avaibhic, it is
est imated from production capacity, information (T.iblc 13) that U.S.
manu fac tu re rs are producing as much as 53 million pound, of PCP annually.
Annual U.S. Irichloiophcnol production is probabi) oUoin the range of 50 million
pounds (Crosby. Mdibtien. and Wonp. 1973],

As I a hie I j indicates. chUuophcnols are apparently rrunufaciurcd bvai least II
companies, which represent I wo diverse groups uf chemical proouccrs. Of the I.'
commerci.il chlorophenols. 7 are made by Dow Chemical Cumpnry in Midland.
MicliijMn. Kxcepi (or 2.J.5-u;chloiophenol. all of the isomcrs made by Do* arc
those (ormed prelerenlial ly through direct clilnrinaiion of phenol. Competi t ixe
w i t h Dow in the sale of these seven chlor')phcnols are four other companies:

Mons^fiio Company — Sau^el. Illinois

Reicbold Chemicals. Inc.--Tacoma. >V'ashington
Viil«.n MalcriaU Company- Wichila. Kansas .

Rhod j. l.-.c. - l;rreprr(, 1 c x a s

All of these companies are engaged for the mov ran in the n;iss production of
organic chemicals for which marl'cl demrnd is re lat ive ly constant. 1 heie
ct^nipanic5 jf e rea red tu heavy chcniical production, and their producis arc made
lo commercial s tandards in" purity n:d are usually sold at re la t i ve ly low prices.

'I he olhcr six chlorophenols arc made by l i \e compamei tha t ^cner^ l lv
ma.iufacluro line or specialty Chemicals:

Velsicol Chemical Corp. -Reaunion!. Texas

[ ias tman K jdaV Company- • Rochester. New Vorl

X7



TABLE 13. 1977 P£NTACHLOP,0?HENOL PRODUCTION CAPACITY'

Company

Dow Chemical Company5

Monsjn'o Coopany*

R.-choldChsm-wls

Vu'can Mater ia ls Com[x>n

.-S~.« A^,,.rtV,-COO,

S - Dow Ct-iVC<i P't'!..-<l'C's C' 1

c— Mon\_»mo MoOfVJ »U FCP

Productkjr. location

M.disnd. Ml

Ssugct. IL

Tacoma. WA

y Witchita. KH

Tout capaci ty

piti«v-{n In^l.tut: 1377 Thtie l^,,tr> |

i^>.>3.,.n«.,n<^-p,rh.-<^o;.n-A

pibdwci-on at ol Januj'r t. 1 97fi lOofr

1977 Cspacl;

(miJIioni ol pOu-M

17

rc-

20

1C

7S

:..«u™Nrd<,,w,..«

ii-.r l9?HiOnwC! 'c -

^ao 197BI

AIJfK'h C'hriuiol Co.. Inc. — Mi lwaukee. V. ^

Spxciali) Oij.ini-,->. Inc.- IruinJalc. Californi

P.S.A. Co'po.-jnon - ArJ»lcy. New York

Products frorr. ihcsc mjnu(aciu:r/> <rc 4 ' f tcn

u--|h specific ifi;!ui:r ijl cu*'.omcr>. >omciinii:> lii

'h-prtKjuccd uiulcr conlraci

Ia nJjrd\ tifpuril \. I he) »rc

manufac tu red in much imallcr quaninicN loan those dcMrri^cJ ahitxc. i>ltcn

intcrinillcr.il;. and thcs arc soM -j( a relat ively hij:h price. Oflcn. liic pri'ilui'l* fdini

thcsr compariic^ .ire L->cJ in inc manulacturc t>f phannjccutic^U. photo^taphu'

chcmic^lx and \miilji NxrVMualiU rhrmical nutcn;ili. X'.ilhoiil cxccpnon. Ihc

chlori'phcnul.s ttuJc b\ :'nc\c cnnipanic> arc ihi»i: nol lurnicd njtlcicniii'iy

Ihroujth ilirccl clili'rinjiiim of phenol.

An) chloniphtnul w i th a chlorine iloin al posilinn ? (niiho l;> Ihc hjdtivvyl

group) ni-iy be a pri-cur>or lor tl iuxm fonnatuui. Nine of Ihc H conipa'iics urr

repo r t c j ID mutr at Ic^ i t one chLuophcnol of Ihi.. docuplmn. I'otcnliD! lur the

occur rer.c: ol Jio.urr. i\ t h r rc lo rc not limited lo the manuf.'icturc iif v hli^rophcn\i|.s

for poi'i'idc uu-.

It is nol kno^n. h o w e v e r , whe the r Ilie h\dro l \> is mclhrMj. uhich is cspcciall)

conduci\e 10 dioxin formj;ir.n. i.s u^cJ tJ make Ihe lowcr -xo lumc chlorophcnoK.

In man\ mitancc'*. lln> method prt»ivjbl) is nol used became l»ie pjrcnt

pi.l\chlo:oh-:n/enci necdc-l for law nuteri.il> i-\n:tll\ Cjic.nr.l JK dnectl)

s\nt l ieNi /ed h; convent iona l chk'nnjtmn tefhniqucN. l-or prix.fU'.1ii>n ul n:-

chlorophenol in hi^h Nictdt. for example. j:cncr;il chenncn! r c l c fenccs dc1«ciih< j

^ynthei!> r ou te thai imol\e* chlnrinalion of ni l rohcn/enc. iolloucd iiy reduction.

di.i/»ti/di!un. anJ n \ d r o l v s i > ol Ihc ".:!r:ile (.TiMip iVinopji. > jmainotn. .ind

.). Nivi! t i \ icp hi'ch. ^roccNies t)l ihu t \ pe ;•.'•: iicccsNii.'} l>i i";iu\e the

lo Mi.uh lo the MM;; al 111111:1:1:1.1! pOMIiun> (Ko / j k IV?9|. 1 hevc

special:/;;! p iouut t ion mcthivjs :irc no' uiHItc^sCu' in llu\ repo r t

Ihe p r .m j rv chm-^'a! produfcrs de^crihcd iituuc .ire not Ihc only commercial

soured i-l chloroj'hi-noK. t'uhei companies p:irc-|i.isr chlorophcnuK from prinuiry

pr(X. 'uccr^. tonihu.e then w i t h rlher inj:rrd:cnl\, ^nd market Ihc furniuljicd

- «K



products . Si ill others deal only in d i s t r i b u t i o n of ihc chemicals or chemical
m i x t u r e s . Mos t o f i c n ihc trsJc name of the product changes czch l ime i t is bought
ami sold.

2 ,4 ,5 -Tr i ch lo rop funo l

in |<!?2. h:xa-. hepta- . and oc iach lorodiax ins were fount! at c o n c e n t r a t i o n s of
0.5 lo 10 ppm in f o u r of six I r i ch lo rophcno! samples analy/cd. Tet rachlorodioxins
were nol r l c l c r t ed (0.5 ppm level of detect ion) . The research report implies t h a t the
2,4.5 isomer of t r i ch lo ropheno l was being analyzed (Woolson. Thomas, and Ensor
1972).

Also in 1972 . . - .no thc r s tudy showed d inxin i in t r ich lorophcnols (F i res tone ct 3!.
19/5). homers i d e n t i f i e d in 2.4.5-tr ichIorc 'phcno] (or i t s sod ium t a l l ) a t ppm levels
were 2.7-Ji-, 1.3.6.8-lctra-. 2.3.7.R-tetra-. and pcmach lo rod iox ins . High levels of
2 .3 ,7 - t r i ch lorod io .v in (93 ppm) and 1.3.6.8-lctrachlorodioxin M9 pprn) wcrefouiui
in the 2 . - J .6 i so i7 icrsof u ichlorophenol . The i nves t i ga to r analyzed for. but could nol
de tec t , mono-, hc.xa-. hepta- , and oc tach lo rod inx ins in these t r i ch lo ropheno l
samples. Da la f rom- these two s t u d i e s are included in Table J I on pagc 79.

A U.S. EPA p o s i t i o n document on 2,4.5-TCP (U.S. Env i ronmen ta l Protection
Agency I97i ' i ) was prepared lo accompany (he August 2. 1978. Ffdiral Xegisier
notice of j e b u t t a b l c p resumpt ion against con t inued r eg i s t r a t ion of 2.4,5-TCP
produc t s . The pos i t ion documen t gives :he lo l lowingdcscr ip t ion of ihe k n o w n uses
of t h i s chemica l :

The brccs t use of 2,4.5-TCP is as a s t a r t i n g material in the m a n u f a c t u r e of a
ser ies of i n d u s t r i a l and a g r i c u l t u r a l chemicals, ihc most no tab le if which is (he
herb ic ide 2.4.5-T and its related products i n c l u d i n g si lvcA [2-(2.'1,5-
l r - ' r . ^ t o o h c n o x y ) p r o p i o n i c acid] , r o n n c l [0 .0 -d imcthy l 0-(2.4,5-
lr ichloropheny!)-pNosphorothioatc] , and Ihe bacicricide l icxachlorophcne.
2/,5-TCPanc1 ; (s s a l t s arc used in ihe t e x t i l e indus t ry to preserve emuls ions used
in rayon sp inning snd silk yarns, in ihe adhesive industry lo p rese rve polyvinyl
a c e t a t e e m u l s i o n s , in Ihc l e a t h e r i ndus t ry as a hide preservative, and in ihe
au:cnoi ivc i n d u s i r y to p rese rve rubber pskcls. The sodium salt is used as a
pi^c > a u v e in a d h e s i v c s derived from casein, as a c o n s t i t u e n t of metal cutting
f lu ids and f o u n d r y core washes to prevent b rcaVdown and spoilage, as a
b i c i c r i c i d : / f u n g i c i d e in t cc i rcu la t ing wa te r in cooling towers, and as an
a lg ic ide / i l imic idc i n t h e p u l p / p a p e r m a n u f a c t u r i n g i n d u s t r y .

The re arc so me minor use.< of 2.4.5-TCP and its ia Its in d i s i n f e c t a n t s w-li :charc of
major impor tance re la t ive lo h u m a n exposure . These include use on sv.-imming-
pooI - r c l J i ed surfaces ; household s ickroom equ ipmen t ; food processing p l an t s
and equ ipmen t ; i'ood contact surfccrs; hnsp i ta i rooms: sickroom equ ipmen t ; and
bathrooms ( i n c l u d i n g shon-er stalls, u r ina ls , floors, aria toilet bo'-di).

It is ipparenl , therefore, that all ihc usa of 2,4.5-TCP exploit ihe poisonous
c h a r a c t e r of the c o m p o u n d and i ts d e r i v a t i v e s . As a pest ic ide, i t is subject lo l.l'A
r e g i s t r a t i o n in all of .:s app l i ca t i ons excep t those associated wi th food processing.

Manvfac iur t— -
Only I race a m o u n t s of 2.4.5-1 r i ch lor ophe no I a re created hy d i r ec t chlor ina l i o n e t

phenol. )! can be made in a h o u l ?() pe r cen t yield hy r e c h l o r i n a t i o n of 3.4-
d ich lorophenol (U.S. P a t e n t Office I956c). N e i t h e r of these p roduc t ion methods is .
in corrm.-rcia) use in t h i s coun t ry .

Domestic c o m m e r c i a l p r o d u c t i o n is accompl i shed thro'j£ii hydro lys i s of 1.2.4.5-
te l rachloroben^ne, w h i c h is a p r inc ipa l isomer produced by rech lor ina t ion of
o-dichlorobcnzere. Conver s ion r\ 'ihis c h e m i c a l l o t h c sodium sal t of 2.4,5-TCP is
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3 ba tch reac t ion \vich c a u s t i c soda. Subsequent n e u t r a l i z a t i o n wi th a m i n e r a l acid
f o r m s Ihc prcsiuci. The basic process is a lypici! app l i ca t ion of ihc hydrolysis
m e t h o d of c h l o r o p h c n o ! p r o d u c t i o n described ea r l i e r . . he r eac t ion sequence is
given below:

c

EC
cl

2NaOH
ONa

Ci '

HC!

? , < , 5 - I l l l C m C P . O P K t K O l

Al least three v a r i a t i o n s of ihe b:>.sic process have been described in process
p a t e n t s specifically for p roduc t ion of 2. 4. 5-TCP. d i f f e r i n g only in the so lvents used
and t h e r e f o r e in I !i: c o n d i t i o n s nc-cdcd lo dr ive I he r eac t ion to complet ion. The first .
pa ten ted proex-si (US. P a t e n t Office 1950) uses a solvent of c thvlene alvcol or
propylcnc f l>co! it p r e f e r r e d umpcr.au res of l / l /" (o 1X0" C a n J pressures up to 20
psi. A second p a t e n t , the most recent (U.S. Patent Oflicc |967b). describes ihe use
of met H a n o i as a solvent , wi th t e m p e r a t u r e s r ang ing f r o m 160° to 2203 C and with
pressu re less '..han 350 psi (p robably ?0 lo 200 psi) . Both of these alcohol-based
processes r e q u i r e I lo 5 hours to complete.

A th i rd p a t e n t (U.S. P a t e n t Office I957h) describes the use of w a t e r as Ihe
reaction sohen l . Use of water necessi tates Ihe most severe opera t ing
condi t ions : operat ing t e m p e r a t u r e s f rom 2H5"1 lo 300° C and pressures f rom 400
lo 1500 psi. This method permi ts greater product ion. since react ion t ime is reduced
\o no more lhan 1. 5 hours and in so me instances to as l i t t le as 6 minutes. In a d d i t i o n
lo its p roduc t ion eff ic iency, ihe v.'atcr-bised process e l i m i n a t e s Ihe side reac t ions
be tween caus l i c and the alcohol solvents , which form undcs i rcd impur i t y
compounds. The process also improves producl yield and e l i m i n a t e s solvent costs.
I t appears . hc*cvcr . lha t ihc h i g h - t e m p e r a t u r e , h igh-pressure , and s t ronyly
a l t a l i n e condit ions of the water-based process p romote a c o n t i n u a t i o n cf Ihe
reaction. , in which 2.4.5-TCP combines wi th i t se l f lo fo rm 2..1.7.K-Tl'DD (SK

Figure 13. p. 59).
The p a t e n t e.\2rnplcs c i ted above a rc f a i r l y old. and d e t a i l s o f the c u r r e n t 2.4.5-

TCP p r o d u c t i o n methods are d i f l i c u l l lo obta in . A 1978 HPA report on 2.4.5-TCT
brief ly .describes p r e s e n t - d a y 2.4.5-TCI" m a n u f a c t u r e as a reac t ion of
I c t r a c h l o r o b e n z c n e wi th c a u s t i c ' in the presence of m c t h a n o l at l£0° C u n d e r
pressure . A l t h o u g h a f ina l product pur i f ica t ion s tep is described in the most recen t
p a t e n t e x a m p l e (U.S. P a t e n t . Office I967b). Ihe EPA repor t docs not describe i t .

A more detai led e s t i m a t e of cu r r en t p roduc t ion methods is de r ived f rom
f r a g m e n t a r y descr ipt ions of both U.S. and foreign ope rat i ons f Sid well 1976; World
H e a l t h Organ i sa t ion 1977; Ful le r 1977; Whitcs ide 1977; K i t d i m a n 1979; f). R
W a t k i n s 1980). (0;ic p l an t f rom which much of t h i s i n f o r m a t i o n was derived
ceased production of 2.-O-TCP in 1979.) Kigi-rc 31 is a f l owcha r t p repared f rom
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CtntnruB3(ion I •—Wasiewater

Air Emission

Figvr«31. Flow chafl for 2.<.5-T~^ manufacture.

these sources, shoeing the mosl likelv process details. In this procc^sfnr; scheme,
akohoi anrj caust ic J ic .mi jcd and liculcd. TclrDChl.orntxruciic is added, ari
cxoihcrmic reiciicn b:/.lni. and cooling waier i.i turned onto the reactor coils.
Atict all I'r.c lcifichlntnbcn;cnc hai been added, the balch is "aycd"; during Ihe
cfinf period. iodiL'm-2.4.5-trichlorophcnatc (Na-2.J.5-TCP) is formed. Volatile
compounds such asdirr.uhyl ciher also ire I'ofnrd during the apn; slcp:lhcse >rc
venied.from the rcanor. along with small amounts of vapori/cd mclhanol.
According U'.'Vciiic. lc>c.. dimethyl ether is absorbed by a water scrubber, in nhich
it is highly sol'jble. Ihe presence of these llamioahle \apors pieAents a fire or
explosion ha/irJ.and the reaction vessel ii usually enclosed in blast proof waits to
rr,inimi/e phjiicaldama/c from any accident that may occur during i he a jinpslcp.
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Oa complet ion of [he react ion , the mclturol ic evaporated, cundenwd. and
rccsc led. A( '.he same time, u:\tcr is added to keep ihe baich content ) in solution.

In Ihn pieces!, i toluene usshinj; Mcp is con^uclcd lo purify the product by
icmovir.j; >onie uf ihe hijth-boilipj! impurit ies. Toluene condensed from llic
overhead of an auxilijry Uill is nixed mio the cooled ".a;cr solution o( Ns-2.4,5-
TCI'. The m ix tu re is then a l l owed lo s tand quiet ly >o tha t Ihe voter and organic
phases can s e p a r a t e into layer*. Ihe organic lay. containing; impurities, is
decanted 3nJ lelurncd (0 Ihe lolue.ne still as '.-.v,. The vaster layer confining
part ia l ly purified Na-2.4.5-TCP. can t>c used direct!) lo n.anuf 'aCsJrc a herbicide
i jcnsat isx. A!iern,Mivcly. h tdrochlonc apd cm he added to ncctr j l i /c the mixture.
Acidic /.4.5-TCP precipitate1, -nj i* separated 1'om the liquid by cenlrilugation.

Man) of the impurit ies c r e a t e d during th is process, including 2.3.7,8-TCDD.
Accumula te in ihe boltom ol Ihe toluene jtill. Still bo'ioms arc rcmovci?
pciicviici'.ly lo tK discarded. Toluene iliU IxMloms hjvc been Klcnlificd as (he
jn i j rcc ol at leaii one exposu re nf the ptiKiic in c ju>xi r -s. a nd a lso z.\ the source cf one
of ihe highest ronccntraiior.i ol 2..1.7.X -1 CDL) (4i.i ppm) ever discovered in <urh
w3itci(V.'?iiins 1979. I*SO; Uichards I979a). (Analvsis of this wane unplcis, lully
de^crioc-J in lection 4 of this report.)

As sho^-n in l-'ijurc .11. ihe acidir ".4.J-7CP is dried and cither pacla^cd I'orulc
or used lo rninui'aclurc other der ivat ive producis. One reference \hou-s line of
rporc stipes of purification nf Ihe produc t a f t e r :i i> ccnlrifujcd Iron) ihe wmer
inlulion ( U'o:ld He-i'.'.h GtpanKituin IV77). One ̂ la;e of Sii;li-vacuum diHil'juon
•s conducted to create uhat is descrited a> "ayncullurat (;rac!c -.•l.STCI'." A
;econd stipe of di^iilia lion removes additiimal impi'-ities lo lonri "ph«rn-uccu;ical
^ric'e ?.4.>-TCP." ll is believed tha t al! I'.S he\SL'h!v~>rophcnc K in.».dr liorn a
du'.il-ed £r<jce ot this chemieai.

1'roces.s deta i ls concerning Ihe only remaining 2.4.5-TCP plant in Ih: United
Sta les have not been released. It was. irponed in 1967 lhat ihis plan: (Dou
Chemical Company. Midland. Michigin) ^a> usinj( ihr watc;-hi>cJ process
docnbcd in i;\ 1955 patent (Sconce 1955: U.S. Pj-.cnt Office I957h). but this
probabl) is noi Ihe case loday Another repiirl >talci that the priKcis is ronducled
with \cry carr't'l lemp<rature cor.lrnl lo present ibc formalion ol diovins (Sitiij;
[ 9 7 J ) . This source also indicates thai Mill bot toms frorr. the nianufacturc of2,4.5-T
al ihn plant are txmj discarded by incineration; 'hcrc forc . 3 divlillation is
presumably bcin£ performed. It is not knovn whether thoc Hill bottoms arc from a
<olo<nc Cashing st i l l or from £ product VIill.

Do* Chemical C'om(uny is :pp-ircnlly |rx onh current pr(K)ucci of both 2.O-
TCP and S'a-}.4.5- ICP. Merck and Company lias recently begun pnxiuonf Na-
2.^.$-TCP (Stanford Re-search Inviitutc W'7v). C'urienl record-, retailed lolhc tP^
Federal Jniccticidc. |-un;icide and Roder.f.adc Act (HKRA) indicate that 42
contp^niei, including Dow, arc markcung 94 reg is te red commercial prrxluciii
containing 2.4.5-T'.'P or its sai ls (!) S. I'.nvironmenta} Protection Agency I9?^i).
Accniding to F^A source^, most, i! tu'it ail. o( thc^e companies obtain the bdiic
chemicii from Don (Rcect !97Xc) .

Koimer J.O-K.'P n ianuf jc iu r in j t s i t e s arc Inied in lahlr 14 by location tnd
o\*ner. l)clail.\ cf the prcn:r»ses used by thew lornier producers arc riol Lnow.p;
h o w e v e r , "si ill bo norm" ^c r c \ a i d to be \hc source that c r e a t e d a dioxm exposure
il Vc tona, Sfusour i (see Sccimn 5|. The Tielhanol-ba-ed process w i t h * tol'jervc
uaihir.^ sii|t: uai uvd by \ c i i a c . Inc. (Wit'uns I V X O )

Current U.S pioduelion (inures for 2.4.5.TCP and '\\ .ulls trc nol ava i lab le
(L'.S. Env i ronmenta l Protect ion Agency i '^Xi). In 1970. the otirnaicd I fsc l ol
domestic production for 2.4.5- ICP and its dcr'.vative-s uiv 50 million poursdi
(Croib). Moilanen. Jnd Wo.ij IV7.I). In 1974. the reported annual ••orlj
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iion of all chirr lohcnols snrf ihcir >a)u *»icttirpalcd to be 1 00.000 Ions, or
200 miilion pounds (\ilison cl al. 1974).

rh!orophr;io! Orrheiivti nllh Ccxifirmfd Dloxin Contrn!

Tr.: v,ijc utili/ilion of chh'rophcnoK in chemical »ynlh<r»ii nulci il virtually
impo \Mblc lo identify all I he notcntuldcmalucs t)flhncbi3> ofcomf^iund\. The
(rilicMin; pira^raphi ouiiinc the manufaciurc of drmalivcX thai, upon ar.ilnii.
hjv-r hccn rcporlc.l lo contain cMiiriruicd duiiim. the piix'ucu arc »l! po.licidrs.
which »re uvualh nz Jc »i or.ly pirtially purified cficmictls and are inlcnJcJ to be
distributed rithcr briMdly inlo the environment.

The compound ?.-l-iIiehIorophcno\)-jcelic had (I'.-M)) i» « widclr uvcd htrhi-
cidc and t clou chcm:f«l reljli>c of 2.J.5-tricliloropltenmy«e%iic acid (i.-l.ST)
d-%rr:rxd Ijlcr in lhi\ K-ction. A 50 50 mi\lure of ihoc tvp fhemioh. known a>
"llcihicidc Orin;c"lcirlicr culled "Afcn< Oraupe").**»> uved »\ o defoliant during
the \'ieinjrn eonfliei. The chemical formula of 2.-i-D u ihown helow.
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Ihc hcr ' .nciJc : .4 - |> f l is 4 . < . \ 4 - d i c n K - i o p h r n o x y ) b u t y r i c acid; -M-IH1 i i M2.J-
d i c h l o r u p h c n n ) . \ ) p r o p i o n : c nod. und 2 . 4 - D l ' l ' is Ins | 2 - (? .4 -c ! ich lorophcno . \ s , )
e t h y l ] p h o s p h i t e ; ?.ll a rc c!o*rls r c l j i c d ch ' :mic:i l lv lo 2.4-P

In 1^72, VVooKtsn. I ho inas . and I- n sn t louml i K x a c h l o r o d i o x i n in one vain pic ( if
2 .4-1) a 1 a l e v c l b v t s * e c n o .S and in p p n i \o o t h e r dio.xir -. w e r e obse rved . IVcniv-
t h r e e o t h e r 2 .4-1) v j m p l c v . is w e l l ; r . t h r e e 2.-1-PB and I wo ?,-1-1)1 Tiampicv. we re
a n j l y / c d . bui no d i o x i n s w e r e f o u n d at a 0 5 ppm l i n i u o[ d e t e c t i o n . A p p a r e n t l y .
o n l s t c i r a - . h e x a - . hcpu-. 3'id o c i m ' h l o i o d i o . x i n s w e r e sought in these i ru l tvcs .
' i he oinpU-v a p p a r e n t l y w e r e not » n a i y / c d l i > r d i ch lo rod iox ins . which jhuulJ be
m a r c l i V e l y l u occur ( . r e ( : ; n r e I '- ' , j i (••)) .
. Acc i i rd in j ; in ll.-c W u r l ^ l l c i i k h O r p a n i / a l i o n ( 1 ^ 7 7 ) . ;.-).[) j s « idcK u\cd >s n
h e r h i C i d c lor b ; i )nd lca l u ccd c o n t r o l in cc tca ! c rops {* heal , c o r n , i- 'rsin i o r g h u m .
rice, o t h e r \ m a ! t j : :a in»; . s u c a r cane, and c t l r u s I ' r u i t s ( ! e i u u n > l . and ( in ;url .
p i \ l i i ( e » . and m i n e r up l:ir.d. horvd-re l . i ted u s c < n c c u u n l lor ^K perccn l of ,ill 2.-I-I)
used in t l i c t V . i t c d Stjle-i in 197.1.

Tuo r i i u n u l f l i ' l u r i n x pnx'O'iCi h a v e rxen de.scnbcd for 2 . J - I ) . only one ot which
i t . i r i A w i t h * c l i l o n n a l e i ! p h e n o l . One prfK'c^s is a d i r e c t c h l o r i n a t i o n of
p h e n o x y a c e l i c acid ( I ' .S l ' » t c n l Ol'l'irc \^^}. The o t h e r pnx:c\s is > icact ion
b e t w e e n ? .4 -d ioh lorophenol ar.d v l . l o r o a c e t i c acid (l.'.S. I'jter.i Olfice I V J f U l . l ' h e
vccond proccn i t i i n n l a r lo the 2A5-'I n u n u f j c l r i u i } ; prore»i JncnScJ in Ihc
fd t l i iw i i i j ; vecfon Hnd i i aho l imi l . i r lo the proceii u ie r l lo r.ialcc 2 .4-DH fl ' .S.
I ' j l r n t OfHcc I V { i J ) .

Since nun ) compan ie s r iulc -.4-1) and Hv c*tcr> and vaks. bo th p r t v d u c t i o n
procev.es may be.:"r u i C . j l l l ; ouch i t i \ c l j i n i cd t h ^ t chlor i n i t i o n o[ p f t cnoxyacc t i c
acid p 'udi icn a l - i j :he r >>eld and n a tnnple . ' proce^^ In x ha tch reac ' n r .
phenoMace ' . ic ac.-J '<•* melted by hc j t i r . j c i t to 1UO" C. Vt ' i tn c : ) n i > n u o u > jg i t a ' .EOi i .
c h l o r i n e i s hnhh lcd I h r O L - p h Ihc m o l t e n chemica l and the Icr . ipcrahi rc i \ mcrcswrd
\ l n u i y lo i .SU"( . A M re am L-| J j - j air is f.tsscd t h r o u g h the reiict or I iMuccp away
the hydrogen chlondc b x p r ^ v d u c t . U'heu the cak'ululed a tuoun t ol chUxnae Kas
brcn added. I he f v i u l n n ^ nuss is cooled, pid. cri /cd. and pacio/cd. No >olvcnt M
:;ved. r io »p<e ia l r e c o v e r y o p e r a t i o n i t r:-dcd. end prixloCt pun l iCJ t io r . n
unnev-e io r ) . I f d i o \ m > a re c r e a t e d d u n n j ihu proi.xsv. the m c c l u n i s m of ;hcir
foim' ihof . t s u n V n t s " * n .

7 he \eciind process involsTs r e a c t i o n of 2.4-dichlorophcnol w i t h ch lo ruacc t i c
*cid in a vo l s ' en t m i x t u r e o T s t - a ' c r »nJ sodium hydrox ide . I h i s proccis i i t J i idU' rx
uved by M l e a s t one l i r y e m a n u l i i c t u r c r (Sitm; IV7-1) . l icit is app l ied to Ihc vr»«l.
and (he w a t e r i s c v i p o r a t e r j f r o m the n n . v t u r c \ \ 'hen the I c n i p e r w t u r c bepini to rise.
t r s d i c i l i n j i ;ha l nio»! of Ihc v -nc r has e v a p o r a t e d , hc^ l in^ ; iv Mapped Mid * f f c ~ v h
c h j r ^ c of cold a c i d t l i e d w a i t e r i.s a d d e d I he product cin be l i t t e r e d f r o m the
m i x t u r e and d r i e d ; Il i i i p r iKcdurc would lo rm ah i m p u r e product .

A l t c r n j n v c l v . Ihc produci can be c v t r a c i e d I r o m ;hr cooled m i x t u r e with n
w a t e r - i m m i s c i b l e s o l v e n t and t h e n sepj r u l e d I r o m the so l s en t bs d i s t i l l a t i o n . 1 h i s
b l l r r r e c o s c r y method v o u K i p r o h j h K c r e a t e a n h y d r o u s o r g a n i c svastcs « n d
t h e r e f o r e n p r o h j b l s in use by a: l e a s t one c o m p a n y t h a t hr.s been r e p o r t e d to
i n c i n e r a t e w a s t e t a r s I r o m ? . J - I > ma t r . ' l j c l u r c ( S i l t i i : I V 7 4 ) .

Ihu c h l o r o p h c n o l - r u ted process lo r m a V t n ^ H . 4 - 1 ) could c r e a t e d i o x i n i because
i t p r o v i d e s f o r a n a i r . a l i n e m i x t u r e o f i d i n x m p r e c u r w i ; c h e m i c i l i n c o n t a c t w i t h
ho ! h e a t i n j ; t i ' r f i cc i . I f I hc p r o d u c t i s on ly f i l t e r e d f r i ) m Inc r e a c t i o n m i x t u r e , t he
d i o x i n c o n t a m i n a n t s would be c a p t u r e d i l o n g w i t h l i>t p r o d u c t . I f in lscnl
e x t r a c t i o n i s employed, p a r t o f t h e d m x i n w o u l d p r o b a h l s appear i n w a n e s f r o m
the process «nd p« r l wou ld prohjbis. be captured w i t h the product.

Ihc process fo r m a n u f a c t u r e o l ? .4- | )B uw> ^ .4 -d ich lo ropheno l and pamina
b u l v r o i a c t o n c i n a l o l s e n l m i x t u r e o f d r y h u t a n o l a n d non.ine. w i t h i n d i u m
h s ' d r o x i d c as a r e a c t i o n a id . .he c ixTTiical r eac t ioru are she v^-n on the l u l l o w t n g
pjf.-e.

1 he i n g r e d i e n t s ire mi.xed a."d h e a l e d *o a t e m p e r a t u r e ol a b o u t I f s5° C for A
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period that mjy r jaze Irom I to ?•! hours. On complet ion ol the re.ictiiin. dilute
vull i ir ic nciil n jJded «nd 2.J-DH precipitate*. Ihe p.'ec':piUlc i> cciUril'iitcd Irem
thc in iv tu rcx . i I r i cL ! .a f idpack .3?ed. l . iqu id i l ro ( t t ihecen!n fu t 'e t re fcl iou-rd to vUnd
4 u l e t ' \ and IT pa me into two liquid la yen. The uater (.-action i> diviarded. .ind the
nrx.ir.iv: hyrr n recycled lo the >uWvjucnt reaction batch. Any u j tcr that i\
b.'OL-^h; inl-t the r e a c t o r K r e m o v e d by dtiti lUl-on before the next reaction is
s tar ted .

It is pnss'.h'c t h A t dimini could he produced bylrui proivn by the mixture ill 2.4-
diehloiupheni^l vuih sodium hvd rox ide bcinjj brought into cnntici uith A bot
>ur tacc {^ec I ij:u(c IX. p. f-.M. I'rivduci recoicry nicthivii arc kuch th-il an)1 dioxirv
formed u «:old either be iei:io\ cd a.v iolKJv «) jnr. v* ith the prvXJuCt or bv recycled lo
the vuccecdini; batch.

Commercial production of 2.4-O in the United Ntutei 'tirled in IW-t and b\ the
rnid-lv"<)'v had p<jVed a: .Vi million \f (\vurld Health Or.
the u\c c>! i'.erh:ciJc Orange ua% dtvoiiti uivd, privinciiiir.t
197^ it c\tin:j',ed In hive beer: 27 mill
Production liyurri lor 2.4-DH »nd 2.J

l!:e e v i i r e n t hjvie ptodueen of 2.J-D and 2.4-DH jculv. c>ter%. >nd
rcfolie'd bi Stanlord keveirch Inunute in IV7X are livted in Table 15.
pr.>vlucer« cr production \ i l c» arc li'.tej in lihlc Ift. N'ncurrcnl priiducen
DLH arc ir.ud n the Stinlotd Research InvUtute pub!ic>tion of !U7S.

tton IV77). Alier
, . . V: >d Action in

I c (\S'drli! Health ()rj;ar;wJliiin |9;7).
' lire m:l

AVlofV —

The chcraicAl rarnc for the pcvvKidc *cionc iv 2-{2.^-<3iehiorophenoxy) ethyl
vodium lullaf;. Ihe only vjmplc Lnown to hav*r been a'naly/cd ftir dioxini
combined 0.5 loll) ppm Ivjijchlomdnuin (Mcl l in) tc l »l IV 7.11. N'n letra-. hcpli-.
or <>cucri!oiv>d>ovmv \>c tc delected 10.j ppm detection level). Analysis uppirently
v* jij r.cl p^rforrrxAJ for di-. In-, nr p^nlnchtoroj uiMnj.

Se>or^ iv -nade Irorn ?.4-dichlornph<nol b/boilmpil for tever*t hnuri in » *aler
inluiuin nf brt.i-cliluffifthyl-seujiuni t'jllitc ?tul >;idium hydroxide. 1 he l<t!lciv.inc
ire Ihc cbemiol re tc t ion i ol th'. proccii:

0 © N»OH



TAOIE 16. CURRENT BASIC PHOUUCeAS OF 2.A 9 AND 2.4-DS
AGIOS. ESl t f tS. AND SALTS"

Compiny

a-'vf e itt'j Dow Chtmijil

Imperial. Inc

in Ph:l"p» COfp .

Nrwjrd t'^rrx// Co .

dJJmJ. Ml

«-6ltX)ti. AL

an#rxicvvh. IA

nj>5 C'Hy. K5

n Corp

: Co

UnK>n Ci'Dfd* C

P/oduCli. Inc.

r, KS

OR

Si. Jow^h. MO

Chicago He/yhis. II

jj. P'A

nt. CA

l. Inc..

. Inc Pc/lUnd. Ofl

Carbî V; Co«p . Amch»m ArmWcr. PA

In more deta;l, iH? i l f i i^hl-xham rvtctinl it nude by combining clh)Urvc

chJorohyufin irvd chlufcnclfcriic acid in n rcfngcr j lc-J -^ilcr tcluhnn 1 1' S I'aicnl

Office !95Kc). A f t e r peni*l _ n<ulrjli;alion *nh vtHiium hyiJ."i»Mdc. 2.<-

dk'hK'Vfo phenol u jJJcd and liir mn.lure u N^ikd lor about 13 houri. AccnK*mf lo

(he pa ten t cianipic, iHc mix lurc iv probjbl) n'H punficJ.H it nmpl> ipnj-dncd lo

lorrh a unblc product U could be punlicd hv itpcaicil c v l f ivliom -*ti!\ !ioi ilcrhol

to vcp*reie ihc twjium tulljtc impurily.

T.'w: mAi\ i jficiuic o/ ^ootx mccu ill -.>f lh< rcijuiremcni\ for promotion of the

forrruliun of 2.M>CDI> (vcc l-ijruic in. f7. <•}). llolh Ihc r»>* rvalrtnl »nd \kt

I tn^ t product conta in > chlorine atom or tho u> i rinj<onrvcclcd o x t ^ c o atom, and

lh<- miAlurc iv healed in Ihc pmcnvc ui vuJium hvJrumJc Although nvciiU

reaction temper a i urc n only tti£hli> abo\ f KX)' C.tlt'uuW h< hifhci at Ihe hcitin;

"I hr V(i(ume (>f K*one pf 'xJ'JCcJ annul Iv i\ nol I no* n Only nine c

product* conUinrng lh< herb.cidc »:e cur entlj r rgutcted ai pc\iic;dct tPA-



TARLE 16. FORW5R BASIC PRODUCERS OF 7.4-0 AND 2.4-DB
ACIDS. ESTERS. A.N9 SALTS'

I -
~ Company

r Chemical, tuh^diary of
Alex)

s. Irvc.

Ponls-xi. OR

Whiieltnd. MD

Ntxli'i K d n i a s C'ly. KS
Si. Ps

Si. LCMJU. MO

2.4-OB »nd
Si

Cny. MO

Thi ch<mic«l n4m< feu
i i t jp rOj iy lpho tph^r i r r .K to lh i r^ i t c ( K t c i c k Indc; !97X|. Some of the rcUmcly
hi j ;K<r r l . l f M x I i - J x i n i ( h < x « - . hcpu-. »nd . o r CKUChloioJioxi-n) >>TfC dclcnrd > l
|,pm ievrh in il I < » > 1 oat I ) M ? A , v>mp!< Bnxl j icO in I V 7 J (He l l ing cl »! !97j).

The [o l lowinj 11 Ihf uructurv for 1>M PA.

sli
. ^ x - O - P - NHCH(CH3 h

Syr.ih:»:\ of \\. \ nolcculc invclxo ilv:
rho\pSorr>JK'hlL' . ' i , 'olh:ofl tc. v ^ h i c H •% rruJc I h r o u y h the p^ t>*ph<>f* l j l i on of
d ich lorup lxn . i l (U.:. I ' a i c n l f l / f K C IStfl; B;*:t. K i n c r . 4r>d Krivij i I9^J) .

| )MP-«, u V n o » n c T m r n a c i A l l y n 7.yuon. K-::02J. »nci I)o» !?» |>. l f ick
I n j c x l?'!>|. Il a u v r f i l ») »n inKcliCidt . op<culh ijamil hou-.cflicv ( B l j i r .
K a net . am! K e n i j i IWi]). |i u >!NO u t r l u l >t A herb ic ide lor ccni ro l l ing Hie f r d » l h
of urxioiriblc pbni i l l . ' .S P||Cni (>fi<e 196.1; X ie r c l In je< I??*,' DM PA 11 r.)l
beliotJ lo VK ptrxiuvtj it, Ut>.-f «m(X;riy\ . C u i t e n l l y lh:re compimei -l)o«

9?



S.l\c.\ is ;'iail.iMc cither as (he ;!vij >>t enters and sails ol Ihe acid "I lie lav. •
uiUtiliiv r>ici) arc probably the lurrn most widely used.

I ( '( ' !) '» we ic dc'.cClcd (I .-I ppm) in one ol seven s t i v e A jamplcv n>anulje;iucd
Iviween Ne>5 .'ir.ij Is1?;./ and anaK/cd in IV /^ ; no other dio.xins w e r e dricc'.cd
(\Voolson. Ihonias. and I nsiir IV??; Kearney cl al. ls'?.l|-|.

The loliowiii): are leccm [•fixliiceo of M!M'.\ as li-l'.-d ill the I97X St.mlotd
Research liv.uuii-.- Mirecl«'.ty o! Chemical l'''idiicers:

I)ov>. ("hcmtval (,'omnaa;. -Midland. Michigan

North Amer ican I'hiliips. I homp>on l l asua rd C'hi-iniiMt. subsid it;' • Kanos
C'lty, KJIIO>
Kivmlilc C'hcin:.c;i! -Cliieajto Heights. lllini'i<

N ' e r t a c . Inc.. I r a n ^ v a a l . Inc.. >ubsMi3ry -J:icLin:)\ille, Ark:m>j\

Hercukx Int.. of \Vilmitix'on. Hcbwate. is i linnet p'odueer ( \ \ . f> . 1 Jrift
t'cmmij.'.iijn I^M.). 1 he ls)7s D'A ptslicidc files indicjlc tlut niiire thjii .KiO
proJiuM.s iu UTmulntions eoni:iinm>; stKc\ are registered (U.S. Lnsuisnrrtcniiil
l';o;ccii»n A^rno) i'PKlY

SiUcx nunu;ucture is more complex '.han llirit ol nthcr -.•!.•>-'! C'H dcri iatisos.
The eonipounjs sold eorr.nu-iTiylly :nc UNu:ilty romplcv es ters , made (ro:n ^
speeia)i/ed alcohoi und silscx aeid. I he hnal niDnul j c t u re ol llie e^icr is uell
(Joi-iin-.tntei! in a pH".Ts- patent 11'. S. Patent tV.li--.-e l'.'.''!o>. as is the i;i.nui!'.i.-.nii-nl
the .spe:"i:i'i/-d aJci-hol. >i^ Jt- i in i t ivc inlorrr.aluin has Seen lound. howexe r . on
runulaoiiire ol ihe >i!>c.\ acid, prubabh because dunpnunOv ol tills upe eji] he
n:.inulriCiu,-ed hy a ln.^J;-e^taMl^tH•d ciirii'.KMl rciiclion Dial i'. f>ed in inaiiy
caicpvie.s ol Ihe Hij.-:inii' chenncal indu>try IJ. Am. C'neni Sue. l°M3i. Silvex acid
vi"j!d f>e ;hc s'tL'r.'c ol an\ Jni.\in> in c-.iitinicroal \ihc\ pioducts (see ' - t^urc 14.
p. f>0). The f icure 0:1 ihcfoiiouMijtpi.jtr il i itstialcx ll-einosl lilely chemical reaction
t h a t would lorm the ntvev ^Cid ar.d also ihovvs, the iubscijucnt cstcr i l icat ion. as
drscriixd in Ihc potent .

l'i the f i rst step. ^.-1.5-Tl'P is pi'ohohly brought in[o rraclion w i lh Ihe n.cihvl
f^ter '.'r. 2-\'h!ofi'pjiipn>nie add. w i t h melhanol as the solvent and >i*diurn
melho.viilc 3i a ;cjcln>n aid. Th is reaction would iwvur approvmialely >i (he
tHiilinj: I em perjure ol niclh.inol. uhich i> Oj" C'. The res:ilunj; eompuiind un.iid
piobahly he .%cpjraied (rinn Ihc rcachon mi.\ture hv t r cH tmen t w i t h acidified v.x:cr
follov.ec! ^y enr.iCiion w i th a ch!'.>f!Ma!ed hvdrocarhun.

The addition o! more acidilied water lo ihc c\t iact. inl and 2 >:ih>c^ucn[
csap ' i r a t i on at a temperJturc near Itxr* C' would hsd:o!v/e the inlerinediatc

.-.'ompound a:id also would dnse ol! the- ohloniuicd Indrocarhon lor lecsclc and
the met ha no I b* pnvd uct to be lec'ainie:! (i r oilier usci. ! he resuli inj; compound is
?-;r.-O-tiK-hlorophcno\,\) propionic and. w h.rh is knuwn lo he i react ant in :hc
subsc^iienl proccssinc : I.'S. I'jicni Dllice l()5(xi).

CUhcr methods C'..-jld he used lo prepare Ihi- intcnnedialc arid, hul none of ihcin
uouUI utit './e hi^h tempera tu res or unusu.i! sohents. 1 he use ol a strongr. alL.Tline
hsdtolss: \ vicp. ta' ihet than an acidic Medium, is possible. In an\ r'Ttho j. the la^t
slep is ptobjX. nnot!ie( solsente\lraetionusiin; 1.2-dichloroethanc to prepare the
mixture lor I!K m-.M opeiation.

S i lscs acid ;'.in he c o a \ c t t c d to vaiHuis esters h\ tiding selected ether alcoh.itN.
'Ihc estct i l icat i . in steps are identiiMl except !oi var ia t ions in the alcohol rav,
mjlc:ial. In a »o!scnl ol l.?-dichloto-:ihane. v.ith coneennated Mil'i.t c acid :.s o
reac t ion Aid. ihc iniermcdatc acic! is mi>cd »i':ii an ct^.:: alcohol. In the following
ejamfi lc. bulOiypropoAjpropanol is used. Ihc r,i\ture is held at about 9JeC
f:«r ^hcut 7 hourv. l )utm^ th is |x'no«l. 'he '.._::. Ii>rmed in the reactio". is reiiio\ed
b\ pjsun[: the rcllu \ v'onderiv jte ihrouch a dccanlci. Ai ihc end ol '.he vc-u'lion. the
product is preseiu as an mvjluh.'c p icc ip i ta le. nluch :s hlicred Iroii the nn\ii:rc.
w a ^ J ^ e d >* i th snd'Mm cjrh;in.ilc solution, and \acuuni-dricd at about VU" ( ' .

I0.1
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i
'

CH3CHCOOCH3

Cl

©0
NaGCH.i

l O ' O f O U S K I D

I
COOCBzCHOi

I
OC'3H7

S I l Y i l [ S I f R SIUE:

A l t h o u g h complete d a t a a re un. ivaibMf. no i n f o r m a i i o n indirain iha i
ic i r .pcra iutc i g t ca lc t lli:in 100^ C vnuld o'jcuf ci nr.y slcp in ihc m a n u f a c t u r e of
acidic .ulvt .x or its es te rs , h i\ i l icrcforc u n l i k e l y lha l dio.vfn compounds v.ould be
created as >ide r c j c l i nn products .

Absence of de ta i l ed i n f o r m J t i o n makes i t impossible to es tab l i sh w h c l h c r d i o x i n
c o n l a n i ; n a t i o n would car ry t h rough f r o m the2. -1 .5-TCI ' ra«-muier . ' a l in to ihcr inal
product. Theoret ical cons idera t ions do no; permit an e s t ima t ion of the degree of .
p u r i f i c a t i o n requi red by (he var ious i n t e r m e d i a t e compounds. 1'robably. as no'.ed
above, a i Ira.st lv* o ioKcnt e x t r a c t i o n opera tion.s arc uscj lo s e p a r a t e I he prineipal
process ing m a t e r i a l s f rom water solution.1;. Since TCOD's arc very s l ight ly soluble
in c h l o r i n j l c d o rcan ic solvents, sonic could be carried through , ih. 'sc'opcraiions.
but most should be rejected. •

Lrbon — \ 'crv l i t t l e i n f o r m a t i o n is a v a i l a b l e on crhon. \vhich 15 der ived f r o m 2.4.5-
I r i c l i l n r o p h e n o l . Analys is of one crbon sample produced in 1970 i nd i ca t ed m u r e
t h a n l O p p n i o c i f l c h l r r c d i o x i n (Woolson. Thomas, and t insor I V 7 2 ) . T c t r a - . p c n t a -
hcxa - . and hcp lau l i lo rod iox in i were nol detected (0.5 ppm lirr.it of detection).

In I97&, n i n e compan ies had regis tered 17 .p roduc t s c o n t a i n i n g c rbon (U.S.
HnVi ron m e n i a l P r o t e c t i o n Agency I 9 7 X ) . Dow is probably I he only producer of the
basic chemica l . ' I hi- o t h e r companies arc most l ike ly f o r m u h i t o r s who o b t a i n Ihe i r
basic c f 'nnn i n g r e d i e n t f r u m Dim. The volume of e rbon p roduced . annua l l y is not
k p o w n . -

This herbicide is an ester based on 2A5-TCP. Al though the . in i t i a l
m a n u f a c t u r i n g s tep i s no t r e p o r t e d , (he f i r s t i n t e r m e d i a t e i s a lmost i den t i ca l Id t h a t
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u.scd lo m-iVc >csin. General orpanic chemical references tndir.".cltutit is prohjhlv
made hy nn inili:il react ion ol ?.O-TCT w i t h ctrnk-nrchlurohy drin (March lynX).
\V:*.!er is the most likely soUciit. made s t ron^ lv alkal ine with Midium hvdrox idc .
ami llic inlermedm : prokihls prccipiljtcs on addit ion ill acid and is f i l tered Itom
the Mi'ution and dried. A process patrnl |U.S. Casern iXlii'c I'll/'h) dise!o>cs Ihx
I lie ..econd react ion step i\ a conihinaluiii nl the inlcrnicdiaic w ith 2.2-dic!:lorr|»;v,
picinii aciil in a >otu:ion ul cthyK-ne dtchlnridc (l.^-dk-lilorc;-lhanel. uiih jilJilion
nf a sni:ill :iino;iiii ori-uncciilraicd suluiric acid lo remove llic ualcr Uirmcd in ;hc
read ion. I hesc chetnteai rr;iL'liiin> are iho\v n hy (he lolliiu'ir,^1. sequence dra v- in^:

C,CH2CH2OH

OCH2CH2OH

Cl

CH3CCI3COOH

H2S04

o
D

t S ! C <

1 he rciiihin^ rcacluin mi Mure IN partial!)' purified h\ \va\hiiij: wit i i ualcr and is
then fr jamnally distilled under \acuum lo re("o\ er cihylene diehlor ide ior rcc\clc
and posjihly lo separa te ihc product Irom an\ inipuril!c.\.

"Ihc f i rs t s tep ol ihc rcuclion i\ ihc one lhj| coutj potsihly lurm Jin\in-. (sec
Figure 16. p. 62). Both the raw material and the resulting intermediate contain a
chlorine jton: oilho lo a rinj:<onnccicd oxyyen ainni. and the inivlurc i\ healed
uito Midiun) h\dro.\idc. I cinpcralurcv are nol hi^h. how-scr. Mncc w a t e r i>
prohahl\ the \ol \cni u>ed and this Mmplc reaction oidinanty doCN not rct|uire
a pp I tea I mil o I. pressure. Dioxin tormalini i could occur at the surlace ol sle^inicoiis
if hi^h-prfxNure sl.'ani is used lor di>til;j:ion.

Apparent ly no :iper;-Uon-olhcr Ih^n Ihe final d is t i l la t ion would r e m o v e any
diov.n contaminat ion ln>m I hi-, material. Since the mo..: l ikely impurit ies u ould he
more sobtilc lhan the Iinal cslcr. c\en [he disttllalion rr.-\ not r-crsc i;t isolate
dio.\in> into a \ > a s t c s t ream. Musi dio.\in\cither lormed hylhc pn/cessor present in
Ihc rnv> mater ia l would prohahly he colleeied v.ith Ihe final product.

Rmntl— I hcehcn'.ienl name i.'.'fonr.d is(I.O-ilinielh\IO-(2.4.S-irielilor.>ph<nyl|
pho^phoroate. Ihis ir.scciicide is a l> ' • ».;iown hv such njme.s as fcnchlorh^*.
Trolcne. l!trolenc. Nanlcir. Korlan. Vin/enc. anil I cloral (Mercl Ino'c.v 19^1.
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Ronnel is cf l 'ccl i \c in the cont ro l o( roaches, flics. >crcw uorms. and calilc grubs
(SicrcV. Index t "5VS) . In 1972. highly chlor inated dumps were i)c:ci*lc<l al ppni
levels in an unVnnur. number of runnel samplo (Woolson. Thomaj. and l::iM>r
iw/-

The manufacture of f.-initc] is a Iwo-jtep procos (L1 S. Patent Olfice 1952) in
v.hich NaO.4.5-TCP i; reacted firsi uiih thiupliusphoryl chloride, llici: with
sodium nirthnxidc..! he chemical t c a c t i o n s .ire sho^n bclou;

ONa

PECl.i NaOCH3

In Ihc first step, dry ?^a-2.4.VTCP is added lo an excess of ihiophoiphoryl
chloride (2 10 -1 times Ihc ihrorc/ ical amount) and healed sliphtlv. perhaps to M)e C.
Sodium c-)i:»tf idc i> formed ̂ i ;m imolublc prec ip i ta te: it is f i l tered from the mixture
^nd disca rc'ed 1 h: el:o r hiir jtc iv vaCMum-di> ti l led to rrcover ihc e*cc<;;
lhiojihoiptior\l chloride lor recycle kr,d lo fractionally separa te the intermediate
Irorn side reac t ion impuri t ies.

In j \cpjulc reaction * ciscl. meu!!nr\o-Jium n mu<rJ w i th mcihjnol II\drogcn
£as ii l iberated.orrjmn*rn merhj nolu* solution ol \i\Jiurn mclhoxidc. This NQh.lioti
is mi.\:d s low ly *i;h th< purilird intermodule while the mixture is ruinl.'tmcd y.t
appro\t:r,jtcls room icmpi'fjturc ^nh nur.coruaci cooling v,ater.

V-'hcn m^jiured amounts of ooth refloi.snii have ?>etn tcmbinrJ. ihc mix tu re is
held /or a period of t ime to ensure completion of the react ion. A nonreactrvc
organic solvent Js thrn viird lo e x t r a c t l^-c prtxJu'i from 2 mix ture of rnethanol.
CXCCM sixJium m<rthoAidc. and hyprtvd-jct sojium chloride. Suitable ex t rac t ion
s o l v e n t s are carbon Klr.ichU>ndc. mcthv lenc dichlorioe. and diefh)! clher. Vfrc
CAt rac i i on jo lvcnl is decanted from ihc mixture, washed v v j t l i - w a t e r solutions of
sodium hydroxide, ynd frAci innsl 'y \-acuum-iJislillcd lo scf -aratc Ihc ext ract ion
solvent for recycle and lo \cpjr*ic runnel f rom tide reaction hy-producti,

Throughout Ihis process. I he temperature probablydoc^ no I excccc" I .̂ O3 C. The
highest icMpcriturc probably ocvurs in the bi>^ ol the final dist i ! iat ion column. In
lhcor\, addition-ildioiinj arc not IiXcly to be created by (his process hccauie of I he
htncncc ol hij;h temperature arxj prrv*ure. although flll other condition^ TICX! ibc
requirements for format ion of 2J.7.h-TCDD (v<e f-'iyurc 15. p. 61).

Ii app<3rs even l<m I tke ly . thJt dioxins original!) present in ihr Na-2.4.5-TCP
rau material uould h< carr-cti through into Ihr product.• If all (he * teps outlined
abo\'c arc properly c&nducicd. sonic of the ope ra t i ons mifhl isul;iic d ioxms inlo
\vasle strcanu. The .<.olubilil>' of d ioxins in llt iophoiphory! chloride is untnown; i!
ihcv are insoluble, the) would be rerro\cd w i t h the f i r s t Miration, Bcciute ihe
Jolubilii> of diuxin; in chlorinated methanes u \cr\- slight (0.3? p liter for 't COD
in chloroform), much of the dioxin pt event would no(. b< captured, by (he ex t rac t ion
solvent and vould txr carried a*ay *itli the mcihannl react ion \nUcm.
OiMtHitions afford t*-o oihcr opportuniitc'. 10 i\oUtc <!io.\in cor,urr.in^n(\ into
v-aslr oi^mc I fact ions. AUhnugh the probability of vf - .ux in^carrv inx through into

•the firul product appears stifht. Ucfiniii.'c infotmalioa is not recorded
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R mine I ii repor ted ly pr»x±uccd by onU' tine compjnv -- J)i>'.*" ( hemica!

(.Vir.juny. Mu'lanJ. MiLhi^nn i S ta r t ford Keveiirch Imiitulc < V 7 X i Annu.il

priO ji'lior xrl i .mc ij not unuv-n. It is found in c/ cr 3lX) pe:l;ctde lormulatKMix1

icy :»tcrvd n) more th-n JtX) companies.

ChlorophcnoJ Dcfivaiivn xvith I'nconPrmed Diuxln Cor.tefit

1 hi* voh>ecnon dc^!> x v i t n s e v e r a l oth^r vhlurorti'-cim! d e r i x a l i v e * ih^t iTiay
co.Tt.•*'.r. c'nvxin\. /he *'ontpminds discuiscd include those that h^xe N'cn an j l x / cd
for dm.Mn von lent - \»nli r .e^j l ivc resu l t s and al^u tho>e (or uhich aruIuiCdl data
h^^c no.' h<er. reported.

'•!

I l exJ vh.lort iphcnf \\ kn^'u n chcm:Ca!!y ai c i ther h t>- ( ,VJ,'»-I."ichli>fit-2-

hvdroxyphct iy l ) mdhar.c. or 2.^'-mclliylcrK-bis (.^.4,ft-irichlorophcnc>l). It it *'.*o

Lno\t n comnie:cial!> ̂ ^ C»- i i iv"o\nicl ic. f oi!rtr\. and l - ra^fdncc Ai-KXVJlior.. Inc.

1 ^ 7 7 ) HeKjunioruphcn; i> ;in r l f r c t t v c h^cicnculc .^nd lun'ocitlc. Prior lo |* j r? it

%*»i *i'!cl) J(J \c ' ! i tcd ar^I JjNtnhuicd a\ an act ive con%luucr,: ;•-! populir \\nn

rlc/t i\cn. ^'jjp\, sh^mpoov. deodorant*, crcjrr-i. and liXUhpastc* t Wade ! * » 7 J ;

U.S. Dept- HT.\V |S/,S). Althnujih ;u use hj> hern cun^idcmhi) rot neted by ;hc

I"iv.iJ and Dru.* Admini.-.;'jiior. il s;iil may rx u^cd u\ a prcwrvai ixc f^:cos:nclic$

ai-J tucr-ihc-umnUT i!n;ic>; the c«mccntr«ilion ii restricted lo 0.1 pcrccril in ihc.Nc
products. Skin c t r ^nsc rs conuinin^ Inphcr t^v 'U mJy aho Nr s-.»ld hui (.'nK -j^

c i f t ica l ph^i nnv'cut.r.i'N. avuiljblc by r:\ciJKZ! prcvcriplior.s (U.S. Code of Kcucral

Kcj tu l j t ton* f : t k Tl i1!"1^). A» zn jigfculiur^l potieide. hc.xachlorcphrr.; is a

coowucni of fp;rr.ulaii*>ni u^'d on ihtcc. ' .Cjjetahlc^ ^ *0 on tome urnnncnul

p'jr.ti l.>r coni;"o! (•' ruldrw rnd ba^.ci ut ipt/t. It ii al>o ^%ed ;n limited inJuttnal

ar.J hoUM'hoId arnl^'aiior^ J» 2 divnfecuir..

II-.c f.tjiJc i>I hex^ciiiotupiicnc pnw.iucexJ UK!J\ n rcpo.Mcd Io contain tc\.\ Ih.in

15 hi l>: « l5ppb!2..V?.N-K"Or>(V,orWltcaI ihOrj i in i7.aunf i l977j.1n-al972

tnj,'\\i'. di().\iii5 coul-J not be detected in r.c\2chlntophcne at a dctcciiun limit of

0.5 nij: I/ (0.5 pprnj (Hel:ui« et al. 1973;.

|-ouf priK'c\> pjicnu h;i.r rx'cn :siucd on ninulaciur-of J:cAa*rl«i»nophcnc. and

ill are v^naiiuM of t!:c lotlnvuni chcn)i*:il react ion.

He uchlor-iphcnc is for med b\ rrjctinj: one mo!ev't-'!e of fti 'maWch) ^c u ilh |u o

molecules o! 2.*I.5-1C f ' ^ i c lex a ted lcmpc(ulu(c\ in the pre\ence t>f a n at id CJlilysl

(Move 19 7*). Ihc pJicnied proco^e* rfifl'cr in temperature, re a c; ion time, order of

reJjrrnl ad'Jiiiun), reaa:t:n M ( ' v e n t \ . and other phyjica! p j ramTterA.

In the !ifil pfi>co\. p a t e n t e d in 14-I I. nxclhznnl 11 I he \o!\enl and Ur^c jmo-ir.li

ol cunccnl ra icd *ut!cue jfnJ arc u-^d lu hii'.d the v k a l c ? lh j tu iornKd«s- j reac t ion

h)pnxluci; the pnx"o> t a V e \ p ' j v ' e u i O3 in V C " o v c r a ? J - h o u r p c f i o d ( l ' ' . S . I'^'enl

C) If ice I'?*J f j. A vccnnd p j ten i mued in IVJK divdovex ir.al the mcthsnol lulvent iv
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c h n i t r i J t r j j.id the i c a c h o n K I 'or.duiTlcd w i t h pa ra fo . ' nu luch ) de a t an e l eva t ed
temper j i u r r ( I IV- C' t mcf a M - r m n u l c pcrnwJ I U.S. J ' j t c n t OH ice i ^ 4 > t ) . A 195?
p i t c n i ( c i t i t f ivi<jo:% j v. iUcnl . \*ht-,*h i\ one ot wcra! cnMi uuied h \ J i .*cafbofu
1 1- S. I ' j i c i i t i M I i c e !^S7i! l 1 c t n p r i J l u r c u 50 : in 100- ( '. ant I r e a c t i o n I 'me is } :.» .1
J ; . j u r \ O l e u m { \ u l i - j r j i : ,ioj p l u \ MM i» i:*cd as (he i j f . a : - ) \ t and roncf r.lMled
Mi'hir-.c ac iJ i» r t C t u r r c J in the b y p r o d u c t . !- 'rx*!l\, a 1 9 ? ) PJ t e n t i c v ^ c x the o rde r
o! t e,<j!cru - J J i i i o n an j sKu c m p h j i > i / c * the the mica', r e a c t i o n mechan i sm ( 'j.S.
P a t e n t Of! tec I1?? J j I hn U\i - m e n t i o n e d proves* u p r :»c jh | \ the < m c ; n p 'cscnl use ;
• U pnvoMng \ r ^ o ; n c c n i h i > ^ n in 1 ' i^urc 3?.

J ' j l r n i inKir r r . j l - .d . ' i m-.ljL'alCA th . t f oJJ r r r . i jnuUctunr . | ; niclhodi p f i ' b : h l >
rr '- ' i jinicJ i he pa»Jts;i i r o n , the r e a c t i o n r m v t u r e b\ n c e t M U / m ^ the x ' l i t u r i c act-1}
u ith M e d i u m fr. "Jr t i i . u !c. u h i f l i v* nu!d hj v c IT c^ led ;i r.ti her t j rpc ^ n i u u n t i»l Li Tif
v»3 i-:c. In m ' j d c r n p. ' 'K 'c \ i 'C^, c o n d t | i o n \ arc p m h a h i ) r v a i i t u i r . e i * ^o llu' I fit'
rcMJ'jjl s u ' f ' . ' U i c HcM N r p a u l e * 31 j d i v u n c t l i q u i d l a s r r "when apt at ion o! ^h<
nn \ t n r c i \ i t . ippoj 3 t i e r c u m p l e i u m ol the tc . icinir , i ' l ' . t \ r.cid. v ,hich con 13 in\ the
•*3ief 1 (M ine i - J u n n ^ * I he re<u*luin. i \ d e c a n t e d I r u n i the HUM ;TC; "t i> Mnmi! e n o u g h
to tnr u \ed cUc^ l ioc in ihc pun i complex . ^ h h o u ^ I i H p r c - b j b h cannot I~KT u>cJ in
Mitic\^ucm l-.r \ a c h l i t r u p h c n c h a \ c h e \ .

l:i i he pa!:,*r.: c \ j inp!ci . (he i i r y j me b \c r ill it r e i t : j ; n \ , i : tcf :hc ^cid i> f ci nosed i\
m i x e d w i t h j c n v u i c d c ^ t h o n . u h i c h n t h e n f i l l c red I r o m M i l u t i o n . I he purpose of
i h t > i r o a i i i K n : i> hi r e m o v e Cii lored i m p u r i t i e s . "I he c l e j f i'j!( r « t c t* ihcn ch i l l ed to
a p p r o x i m a i r h 0" C ' ; c t > v . u U o! he \ a ch io iophcnc p i e c » p i ( j \ c nnJ arc l i U r i u ' d I r o m
>olc t . i« ' tn . i/.'tej. zr.ti p j i / f . a^ 'cd . 1 he I t l i n i t r . whicM v ouU c o n t a i n \ornc
he\3ch!orop!-.cf.e. i> p ioh - jb !v dirrv'i!;. r c f x ^ l c J f::r ti\; in succeeding hau'hc*.

1 J - c r e i ̂  r .o : nd ic i l r in ih j ! < t u » \ t n v \*»>u!d be lornxd dui in^ the p roduc tmn «>J
Sc vach!«K'pJunc. i incc t \ t j ;h l> ac»-J»%* c i v n d u i t i n s MC nu tnumcxJ I h r o u j E ^ ^ u l iSc
pr-xcs1. ^n*1 leir.pcr Ji ur r - , arr u c l l Kclo^A those Inou r t lo fX* nee^cil lo/ d i o x t n
u'JCiions ( >. nr.hf o u ^ t * I V ' - ) . 1 1 d i i u iru a." lour .U in ne l ach lo fophcoc . the ino^t

* TCP f*»*I i i c ly cxpU r . j i i t i n Icr i h c i r prcvence i \ t h a i c o f , i 3 * n i n a i i n n in t»K ?.
ir.v.t.'ul ts' car r ied .hu iu j rh t n t o the ("mil product (v:c l-'i^urc 21.
M t u ^ i i o n :dc n i i r ^ l to t h ^ t i>I the 2.J.5-I prox"e\\ . : hr p^lcn; u'cv.'nplio
p i » \ \ i b i i : i y
i ! t t ) - . r n \ i n l o

> h i c l >

p."1**). la x
ni v h o u the
nu ta i io r . O7

'. *jvcd ine v i r c n i c i v h j / u f U D J I « a \ t e . I I ca rbon ; t d \ o r n l i u n t \
r t j i"" t l t"c 01 il i ' . u tuu t \ » l a l l \ c t t - r c f v ^ . ^t-.\ d i o \ t n > n the rj

u r l i e i t h e r jpp^ 'a r in the he \ j c h l i ) f n n h e i * c proi^n'i or hr rr«'\c!a! to >u-:cccdin£
biU Jic-%. A i i n < j n ^ l i d t i > M n , a r c n o l L now n 10 r«; vo lub le i r i \ u ! [ u n c a c i d . t h c \ n i i ^ h l
he'cs rned out o! I he pi (H.O1- v . i t h l h e j c i d b\ prrwj uct; il l ln i w c * c l h c c a s e . d ; o x i n i
could (ben ippc-u in o;her pr txjucu o! the p U n i in u h i c h ihc \ u l f u r i c actd u
l l l l l t / C v J .

();•. a i i u^ n C ' o t j ' o r s i t t i n in ( l i f i u n . Nc** Jcrv<\ . i \ ippjf f n i l y fhc <mly a e i t v c t'.S.
produCTf oi 'V\.-.chlofo^h:r,c Unul l^?^. the 2 . 4 . S - I C T for hevach lo iophcrvc
m a n u f a c t u r e ^"a\ prod-jceO b> ( ih9* id . in*5 I ( 'M| :SA p b n i in Soevo. l u l \ . and
\hippoJ 10 New Jef.o tor c T n \ c r n u n In |V7^. W r i g h t ,S i a i - j L : r n ; c r s t t y a n a l \ / cd
l*o ref f e > c r . n i i \ c \ j m p l c * oi i h i t I r i cn . 'n rophcnol anJ I c u n d I N and 1.^ pph
TC'IH)\ ( l i c : i M n I 4 7 M . .\(, accidcr.i in H?f> clo^U l ive I C M C S A p U n t »nd
c h m i n J i c i l ( in- iod. in '» p r i n t e r ) M i f ' p l y nt" ?.O- 1 Ci* ( J - I K J u r i h e r < l c ' ^ i ! \ .x(" the
I C M H S A i n c i d e n t we Sec t ion ?.. p. ^Xj. h K pou- bcitoc-J ih*l all t l > c 2.-(.5-VCP
for he x a c h S o r o p h r nc r r , j t i u ( 3 \ ; { u r c i -> Mipp l i ed bv OPH C 'bcmtc*! C o n i p J n \ ̂ t 'd
t lu t ( i i v a u d a n \pccil:n an c . x i r c u ; c l \ l o* t i toxm c o n t e n t . In l ^ T X . Ti\e V ^ S M C
l ; ^ m p ^ c ^ Iron-, t h e C T i H o n p l j n l v r r r a n j l y / e d ( o r c h l o n n a l r d d i o * t n > . None *crr
f o u n d at '£. U I ppm lc \e l of d e t f c t i o n M'.S. K n v i r o n m e u u l P r o t e c t i o n A j i c n r x
N ? X ( i j . Su rxqucn t 3 n a l > \ i ^ of t h r e e »>' Ihcvc vimples f o u n d no 1 ( i > 0 > al 0 I or

ie*-s ppb f s c e Sc.'i'on J o» \ h i % t ep -uO.
Aboi;: -ttX" • • C I . I K - C / I J ! ^r i iJuns c o n t J i o i n j ^ hex J r f i l n r o p h e n e H J \ C been •

r rur le led f eve:'", in potu'nje, df u^. ccMnxtK*. 4 .id o t h e r jrcf m i c i d a l f t ) i mu la l t ons .
I he a n n u a l p.' '. :.;uctuin \ o ' u m e of tKe ge rmic ide i \ nol r r p - ^ i r t e d .
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luu nxiK'xJv <i{ pnvU'.ct t c c o v c t y itc »'\uUttifd in one privcss pcler\( (l.'.S
!':*:crU ()i!i\e N5Sbl 1^ <uic cncthoj. \>alc i n *vidrd ^nd impurt hilhior.oi
pr<ctpt'.a'.e^. I o (otm i* ou Je pr .vJitcl. it i\ nevrM^ry i%n'.y lo Iilici the \oliji f iv^m
the tniMuic ami vs \h (hen\ vcvcul Hme .̂ in w a t e r »r,d culd CMU>n tclrachtoride.
1 hc> Jtc (Inn dncil ir.d pAOli^cd.

Alictrul ivch. lo Keovei 2 purtTicd pt\vjr.ct. ^itct u sddccj and the miUme iv
<Jutilkd to umo'.c lh< catbon le'rjchUuKJt (ur recycle. Uvth:ono! t'otlccli a^ 3n
o'p»TtC vditrxnt. v hiv'h u \epjratcd (rom lh< w-jut mlxiiton ^ Uecante'.ion.
*»i\hcJ with teaur a nj \iKjlum t>K»rlxjnatc. % 4Cuurr>~*Jf icd. rcdi*n>hc<J 10 hot

chl>T iben/cnc. f i i trrcJ. ci>:'l.-t! In prrv'ipiin: hilhionol. ar.i] «pin lihcrcd.
A vpJfMC pjicr.l oul jnn a priK'cdutc for foinnnp nxullic ult» <.(hiihioo.il.

*hten .TC ciirnp(iyt>Jv ilui pe/mirxnih in;prrxnjlc Colt»in tah f i c \ ur,h
L'mnlciunl pmp«i'Cv ll'.S. Cilcnl CMIicu' ISf'^l Ihc priKtu u>ev ifnlium
hydro*K'C and var ious i^ctallic ia!u in rtHjm-tc.Ttp<Taiure resellon.vi^nn ^.;:cr r>
Ihr v>|-.ri;l.
' Thii m«nuf j f tu r inp tfpention apparcotl)' proudn no peitcntj^l for pfC"Juction

o f d i o x m i b ) l h c l k n o ^ n pn>cri» of dtoxm forni«tt' t ri. In the manufac tu re ol ervdr
bilhioncl. Ih t tc u no oppi.'ilnnii^ lo rcwa Jn>- dii-.«..i-. thai nny he prcient in the
1 .i-dichloroplvrnoi rav n:»[en*l. The) wj'JlJ be i . - j -cd tl:tnu|(ti into the finit
I'-oduct.

If bithionol n ,iuiifirJ by the. p;<vrn outlined sbosc. unc fi l irotion op</jtion
vculd r e m o v e cnn.'pnundi ll:)l ire inuilubk n hut ehlocobcn/rIK. Sunie Jioxmv,
hovic-vcr, ire vlifh'.l;- voluhlc in Ihis >i>htr.l »nd thov mifht per»nl even in purified
bilhi-.^not (T IU ulli

Hiih;ont>l (2.?'-ihio-biv(4.f-<Jich.lorflpho.-'!jl n in inhmicri'btnl sxcn ' 'I111 U1S

apjum CL al cn<: t tn :c for «)ruj; u*c h\ ihc I'.S- * ivv,] indl^ru^Adr.unuirjhoo I hiv
jpprmjl uai unhd taMn ir. Ociobcr IVrl K'cauvc ihc rhcmicel u»i lound to
pusjucr p)iolo\f nvt i . \ iiy a motif: ti\c ;\ I Knr. i-rouiin IV74 . Meri'l Indc v. IV 'X( 1 he
l: S. t I'A cont inue* !•> approve ilv U'tf ii a pevlioJc in Ilircc an;mj! ^hainpoo
l\'rmulalion\ I hor lnrmuUtcd b.ihinnol proJuciv rn-av uti lonxcr he nourl)
rruilclrJ. HDUOIT. K'OUvc il:c t<r>f\ f . hjuo <i)ufcc of llu> chcmicjl (Sterling
l).-jy'\ fli]inn-!)iM\ C'hcmirjl C'e I upi'a.'cnlh no lonj;fi paxJiK't» n (Chen
Source. IS?.v Smilnrd Kesr.iu'h I l^liluu- l*?/|.

] h: ITIJ ML'! jciurr nl hiihu'nul n ji tu ie-^ lcp rcjcticn he (wr.cn 2.^-d;t'hlnr op he no!
JnJ itllur dii-hlnndt (I'.S. I'-icni Ol/icc I'M;. t ;.S l'.»icn( f lilicc Iv.^h). C'arhun
le;:jv'hli'ndc n uvcj a% l!ie lolvcnt jnd 2 mull jn'.nudi o( .iHtiiiinum chtctidc
x-rxrMi ihc r j [< [ ) \ i . l)iihinni>I i t fu imcd in: rcxOlio:i<il xbiiul 5U" (*; hatch lime i>
abfiu: ? h.iur». I he ihrmiral rcjilitn is ihown helu*.
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ioJ iu in h v d f u x r J f . a n J I h r i r . i c ( n < d u t r p r o b J h t v ̂ rcc ipi ;
»nd i \ f i l i ; i c j lam; V>>!U!I>IM inJ dr ied

r-iaOH

A pnvcn p<(lc.i( c'ivclr«> t h j l I he wromJ rcicnon vlcp it x cc.mhinj l inn of iSc
l l H c l mc j ;« lc * HJi Kn/«K - ^ctJ ' L'.S. l ' « l r n t l)!lt».'c I V^rvi}. X\ lrn< rv I he voKtni.
i.v! J *wj l l «.-n<>i,-n! n[ m!iur:c eciJ u u»cO lu rcmi )> t I'K v. j icr (..umoi in llx
fcjoiuin

1 tx fOL-l imj; r r c v l i o n r n i v l v T i r cv rcu:r»l i /n l v » i l h \<x)ium c«(h ,>nj ] r a^J u I.Vra
frai ' i iun:)!} d i>n lW uM<c \»ix:i:m 10 i c » m c r ih< v> If nc loi iccjck" unJ (xoxiblv to •
w p j r ^ i c irx* I ' f c v j u c i I r o m jn> i m p u n i i c v

1 fK (n vi t'.cp nf tK^ rc^^ l l>n n ihc oix ihu i couM pm\ ih ( ) f o r m du)xi r . \ Btxh I K<

r * w n i M c ( u ! * i ; d i h c r o u ! i i r ^ i n ! a n K : d i a t c c i M H 3 ! : i 3 t h i . t r i n c ; j i n r T i o r t h n l o « r i n / C -
I'onnoricJ t n ^ f c n aii 'm. srjj t h^ r r - i x l u i c i v hci 'cJ w j i h u K j i u i n h \ d r c \ t j c . M:^K
t c m p < r f l l u f c n no t pro<nt. h o v - c v c t Sjrxx v f l l c r iv p r n h a h l v the ^ n l v c n t . iKis

- vn ip l c t r p c t ' ^ n »-ouM nol o r d > r \ a r t l \ r c v ^ u i r t f s p p l K a t i o n o t p r c ^ ^ u / c . Oiox;n
(c r r ru t i on couW occur xl thf v u r f ^ r r nf i l r ^ m cuili t ' h i ^ h - p r c u u r c *lc*m u UKd
Ic f d i i t i H i t i i i n .

•Ap ;u rcn ( !y r .o n p < r > l i o n ollirr Ih ja th< f i n a l i ! i> l i l l i ( i ( i n H p u M rrmovc any .
d n i M n c u n t a . T u n j t i n r i ( r i ) i n t h i > m j i c r u ! I x r n thr. d i \ t i ! U t i o n n v a ) n o l ivclitc

' ^:o'.in» lo t i i * M iUc \ t f c^m. M»ut d u M i n \ nil* t fofrTK"d b\ thr pftxrot nt prevent in
Ihc r i^ r u i c r u ! v.oulj p : u b i b l ) h< rnl lccin) w i t h Ihc hrul pr inluci .
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Itn / ( - / rn . i / rij^'fa:irtf •-
A phjnnjvvmu ' j l i"''r:>p ̂ u n j can tK made I rum I'mnrncK'iil ?.4,.V

( r u ' h l i v i ' p h f nc l I o r u*r J* i t f t j n t ' i o l . - n i n i K . ' t J c * or r u i c r nn . lK- j i i on ) ( IS iVtoil
( )i tu'c 1^(' I *, Nlu ' f I ,*<iJ Hi taper !u*0i I ."»c rc*cju h * n«J jmti i . i l t e* t \ m ihi\ <ai uj;
v v e t c i'nuljdcJ p f u i i 10 Nf»2-*r.h i :np\iu 'K-d \V!omcr v -ut- j r i i \ Jc ?.*.^-KT. 1 he
J f u ^ wj\ r u i l c In d'^oiMr.jr the c h l o r rpScn.u in v».i:rn bcn/cnc ^ n > J ad i lm f ; J

inv ,» [ i : | i l i . - rune1 r. rfiluird ** ith j v i / r . l c 'Mr i r : h r r . J n«J t'Mlcti Cr\ » i a ! \ «"if
| - ; r t i p i f . i i f ' l ,»':J ^ c t c 1 h h c t c d l i i ' f n t h e m i x t u r e . va»hcJ x i l h pc i io lcunj c l t i c l .

t t iN; \ \ | r n » [ t>. rv»*j: P i j i n i i l . u - ; u r c d . I ' t r \ u t u m c s Jic v c f ) lu\\ KrCamc H u t :ol
l i x l c J in rm»Nl p l u r n i J O r u i i t ' ^ l H Jtlc KlcreTuT* N \ f l M u U f l u r r v oul j j ' fnhob l i N: h*.
I lie onx- puvfw u«rd in I hi- bhorai nr> . p r . -h jM' . tn » c; v \ n \ i \ l hjuhci. a/*d ^* ' th
c q j i p n i c n l n v > l n \u*rh u r / c i i h ^ n % u n d a r d I ^ K u a i o M A p p j r j i u s . .

An\ «ho » m\ prr^cni in ihc I C'P r a u n i a f m a l jrc p r ^ h j M > d^c l i a rcn t t:\ p lan t
vit^io i a t h c ( th^r, Nr inc conccnuslnl in to Ihc p h a r m a > * c u t u ' A i . Mi^l i» l Ihr . l to \*n
pic>KoH!> )•» f i l u r c.l it on: the K n / c n c \< i )u : ion Ji p*«n oltix1 m\n!uhtc nuun Nmtc
MKIIC d*o\n\ j/c > l i > : h t l > ' v»l-j>ik in hoih bcn/rnc j»mJ pet roleum rihct . 3 pitr'.uiii
rru^ht :rroj:n in v u l u i i u n Jif.J br i r j n i i c r r c J to N i ' K e n t f e ro \ c rv ili>i.lLm^)i
cu lun ' .Av . I Ivr r rnuini / !^ J n ^ u n w naU Kr if-vt 'afdcJ P» p J f l t ' l an & n h \ *Jrou\ Hi
f r o m I he h^^c o! Ihcv l • l» l ' ; l ^n^ 1 IK* ph< f r .uccut i r /1 xuhivU v- u> iu t !> t (Wiac*»^tcv
b-Jth \oh-J oryitui : t c u J u c v and %a!\cn i c \ o \ c r \ ur\.

g

h

12
1:

'r-

g

Ihc ho br.-KJc diC*n:^vj it a rfrfixjii v v of olu'. J*r nr.'i) L f.,*u n ctxTru-.vI'v y* V^
i(n . 'hK)f u-.'-nf i ^ « ( \ ^ fx-n/iv,,; iviJ . If i I V;2. -jiP-jt) \ i \ t i l c i v l u v-*,n\f>lri t i iJ icj i rO ro
l e l r a - . he vd - . or hcpu-t " |)f )*\ n! j Se lec t ion l e » c l c-f (' J ppr.t ( V\ o*»Uo.i. I "fioaviv.
irJ bnvi : WHl Ihc pros ncc i»I IH 'OO\ » thcorcKC^I ly pv>\Mb!c. t to^-c\ r r (v^c
K i ^ u r c ZV p. "^UJ

I )t."Jnl^xJ u niaiU' h» acj l.itiitn <il X'.^-Otchltiri^vjlif) l*c ACiJ. >* htch i't IUM' u rruJc
/ r o n i r .^-da'hl. 'TtiphfMt't I he clicm <:;«J r r J ^ l « > n - * occ \hi i \* n b<l<»^

O OH
> Ia HO-C_?vK»oH
ci

O OCHj

HO-C v^-v -x-C.'

I

i

Thr f i r \ l i lep IN l n o * n a» Ihe Ko)r>c-.S*.'hmiM r e a f i m n i'uJ iv a!.\o uwj |i> ru 1,e
unsi i lul t luiciJ viUiAho icnl ( r o t n un \u t> \ t t t t % . t cd phenol in *dJ t t ion (u h*U»^i rvJ i r J
O c r i t q ' l n c k l l f - S . I ' - J i cn i \ > I M C C I V . ' » > a J . (>p<r-1*;in^ i c m p x r r a i u T c i \ p ;»vK»Mv Kcli'^
^.'X)^ (", jmJ operji .-n^ pfe \ - .Lfc" is proHjM) p rc i i l e f ih-in ?i * l n i ( > i p h c r c ~ > . J he
rhlonrutcj v j l i \*>lu i f f J » m i \ c d i n t o v » » i e r a n j \ t x J i u m tmlroviJc ^ n d I t ca i c J
* * i ( h J i n > c t h \ l * u l [ . ' i t f ( l " S I ' a icn ; ( H f i o r IWi^^t f he react ion iM'oitJucird i nit u!l>
w i t h f e ( ( i j : e t> l i< . ' n (o r e u t j the * > t N r r > A t \ e - v i o l e n t (c^cit tm. the m t \ t u t c i^ then
h-e^lcJ tor » lev hou r> n t c l l u v KmpvfJ lu tc t % t i p h ' . l \ ih^i-'f KM" (.*}

(>n ftunplcti'in ni |he fcaclion. the nu v t u r c i* *L"»JiIi("0 *-idi h'lJitK'hU'fK1 sv'id
I Hca n iK i p r rc ipdJ lcs *r*J n MitTcJ t i t » n i i h c n n v i u r c . r i n x ^ J * i t l i H u i n , j n d ilr>cd
K f C M \ u ' h / a t i o n f t i » m *n c f y ^ n K " v « » ! \ c ' i i \uch a t e lhe ( \ \ p M - ^ n l i l c . b u t p ioh ih i ) n
ni>l conductcJ m vommr 'Cu! pricucc

I- XiX^l ioi hi^^ i ; t ^ p < t j i u r c . *II curvJii ion-. rxvrvor) (ni I u r n > a l u > n o(
chMnoaicO J i « > \ m v J f f p r c w r n t . l i i% J i t f h iKai a i hi£>i tempera l u r e di^niba >* i>u)d

Mi

: Q



l « o c \ - j :N»f l i j : i 'vs . 'o id J f o c i v j l \-\ |.V i PC: i- 1 nu r,u! ju t u f u i f i C J v i i - J n . * "nJ *n\
Junins l i M f r v ^ j w i i u M p - > l k O i i i j m o i N ' x ^ l ^ f i u i p \

J >u<* :!*.fu i* f i-pr.rl; J lo .V ma Jr t>> V r !*•';.> I ( 'Ixrniu'al (Vrpor . i l ton in
He jn i iH 'M l r o » . i n u l f f t ht- ( r j - l c r.jioc ( L j i n d i V j n l . t t J Kcvcj tc i i I n t i t u l e
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rrMjih.-.p m i r r n i r t t u t i ' u i i S \ . J - d u h t*»nu^i l»nc ( I* N I 'Xcnl ( > M : i c I ^^Sa )

1 he xfmK'-Jc I t ^ : J >j n I U'-.^'X! i> a prc J t ^ \ « n t l u i u j\ t \ncv v u>M t:i i h i \ c * » u m r \

h) C ' i S j - ( » c i ^ > t "o fpo f . i l i (* : i . As t ^ u t l m c t ! in Scci i ->n ^ . i t wav u*cd in v»mc i>l l^K
f ^ ^ ^ • J f ^ . " h i* l i 'h l i - r m j i r J i I nMin c r V r i i ^ t r v . an j i J i > i \ u ; \ HCK lotux'xi r c j d i t ) nn

CiHO

ontT u-<-J ui iKc I iif Jl I aVr*. In r-.»r,tfol I ho
-. c in j ; i i : J<cnt *il ihc .'of n i i j l j i i u n u j \ X.4,(*.

r n i u L * i s j s l n l U i w \

hu Ciirrpi'urxj vj\ riuJc h> ilurvi nil r u i i o o N ^.4.Stiirh!ou>phf n.'l u^ui^
omcn i : a i ' J nil IK' j ^h j in A v - ihcn l ol jrUcu! JUT**, *L*K! ( M c i f l Imlc v I ' H x j

•N J \ f j % M * i j n i ch ' ' in t \ -4l I«M u*c" » t i h p ^ * I \ r \ t c t I iNcr \ \*.i\ (MH'c r r^ t i j r v ^ i i h Ih r
»Jf r.j nu- I \ rc rv ( MrK'V I h i l r x I V ? M |l\ chf nm."a! n j nx iv ^ . 4 . f v l : K - h I » » r t u n n o J c

0-CH3

ol v. ith J i r n c t h \ I v u l l j t c .
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1
2

3
4.

5

6.
7

B.
9.

to.
11.

12
13

U

\S .

18

P.V!:*:i-!y*li». PA

San Mj!»o. CA

P«;ij;x). OS
OrtJand. OH

M«3!*'V!. Ml

TUK<ICX><-». AL

L»^-n. NJ

Clifton. NJ

NJp^vilW. t"
J«C^fccrv<lN|. AH

Scomv^irVl WO

H,»^ju F»lte. KY

Dovvr. OM

SNin^(X5*«h. IA

njrrwl,. NJ

IB
19
20
2)
22
23.
24.
25.
26
27
28

-29

30

3).

Choioo. It
K*.,;J. Ciw. KS

Vc^oru. MO

Ucon.j. \VA

St. P«ut. MN

Si J<rs t̂>h. MO

C'K*7d K^'OHll,

M.l'o. VW
Arrv>t<if. PA
Fl.trom. CA

Pcwl Nrt.loi. TX

S! louu. MO

VV«t)it». KS
OrU(x}o. Fl.

33. Locat-c/Jt o* cv'feit »n<j Ic^n^r pfod^
4/Xl Ihc'f d- f rY#l iYt l

IU



TABLE 19. LOCATION'S Of CURRENT AND f-QH.Mf.n PRODUCERS OF
CHLOROPHEKOLS Af.'D THEIR DERIVATIVES'

— . .

P.^uc- ..oc.^n C«.m!,..«TVp.

Akro Ch*nnc*l Co/p ?i\!UiJ«lf>h.a, PA

J H UdUer and Company ' San M.i:no. Cfl

Cf^mpLif PxAtarKJ OB

Dtamood ShamuxV. COT> Cie^-olarxJ. CH

Dov* C.Kr"nic«l Ctwrvpjny Mfd'arvd. MI

F«Ji»I -Lanlfo Corp ("uiCxJiaosa, At,

CAr L.^cn. ILI

G-vj-^n Cwpcwji.^. Cl.l-.cn. NJ

Cl>tmtcals OIVIIKXI

Guih Corp. Nop^ivi.'Vt. IL

H^cul*.. Inc » Jxuonvl... AR

HoHnvjn-Tih. Irx Sp'irvflli.eJd MO

K<,-*i:r Chrm«:«l CtVD N'jjiia FfiHi. NY

Occtcwili.' r«:ro'i«um Cf-^p .

ICC JnduilnM. Ine 'Jovrf Dover. OH
C.-wn.K-/,ICoiB'..Ub|.d..,r

lm^r,,l.lnc Sh.Mndo.h.U

M-fcV e-vJ Co.. Ir-c. Rchw3>. NJ

Mdi«i C'xim'CJli. Whiieioo'. MD
AV.o 5i«l i-jbiidu'r

2.4- D

PCP

2.4.5-T
2.4-D

2.4,5-TCP
24.5 .T
2.4-D

2.4.5-TCP
2.4.6-TCP
?.3.4.6-T»if»chlofcph«nfJ'
2.4-0
2.4.5-7
SlIvC.

ci^an

DMPA

2.4- D

2.4-0

H r *-s ch 1 o i op^»-d rx)

2.4-D

2.4-D

2.4.S-1CP

2.4.C-T

2.4.5 TCP

••

PCP

2.4-0

2.4.5-TCP

2.4-0

115



TABLE 19.

Monsa.-vlo Company

Monsjnio InduS'.n.li

Cr.em.cj's Compjoy

Kjlco t i.V

Location

Saugel. IL

o, IL PCP
2.4.5.TCP

i Arrxtictn PU:lli-.il Corp.. Kansas Cuy. KS 2.4-O

No'ih tislorn FhjimoceuliCJlj Vttona. MO

PBl-G<x<Vjn Ccrpofoiic-i' Konws Cny. KS

>. Inc.' KflnSf l i City.

7ecoma. VVA

Portland. OR
Si Paul. M.N
Si. Joseph. MO

2.4.5-7CP

2.4-0
2/..S-7

2.4-0
2.4.5-7

PCI'

2.4-0
2.4-DB

al Co. . IL 2.4-0

emical. IAC.

Sanfcxd Cf^

Niuo. WV

A.iiblo . fA
Ffcmoni. CA

Si. Joseph. MO

PCHI s. TX

St Louis. MO

Unit-. Carbon Cofp AmWor. PA

A^furultura' Products Division Frorxjnl. CA

Amcnerp Hfoducts. Inc.. Si. J<rt*oh. WQ

2.4.6-7CP

2.4.5-7
2.4-0 -

PCP .

2.4.5-7
2.4-D

2.4-D
2.4.5-7

: Vemc. lie J.ctsonv.lle. AR 2.4.5-TCP
2.4-0
2.4.5-7



TACiLE 19. (continued)

Prnduccr Location Chemical Typo

Vulcan Mater ia ls Co.
Gnomical^ Division

U'oc-dbcry
Comulrix substdiary

VVichiir..-KS

Orlando, FL

PCP

2.4-0

a -Sources Slar..'3rd RewarcMnsiiiule Directory of CheTtical Producers. Uniird S ta ta j 1976.
1 9 ? ? . \ S ~ > S . and 1973 U.S Tj'ih Commission. Synthsi.c Organic Chemicals. United Slales
Production jnd Sales ! S68. U S Inlernatioral Trade Commission. Synthetic Organic Chem-
<ih. Unucd 5[ j : fS Frc^ocnoo and Sjlis IB?-!. 1S76. 1977. arxt 1978.

b—HflT j'<?s. tnc . wjs a former owner of IN: JacVsonnlle. AR. Mcilily new ovvncd by Vodac. toe.
.; —Knva t f Srj.-KJj. !i>c . is be' icved to b< a lo'nier owner of thi Kansas City. KS. lac»!ity ouwowned

by PBi-Go'6.v,Coip
d--Fa: -nil Rrwer•Ar^c^em lacililieS in Ambler. PA; Freoiorx. CA: a->rf 5l. JoMph. MO. are now

OwpL'J by 'J'lion C!rDK5e C'OT).

anahvej. m-i> of which conlaincd OCDD in conccnl rations of O.C5 and 21 l.9ppm.
All ihrtc cuniaintj ocl.ic)ilorodibcn?.ofuraii (OCOK) in co/iccnlraiions of 0.34.
2.?J. and 5K.J rPm One i-jmplc conlaincd a uacc amounl of
ricpuehli->rodihi'n;ofuran. ti «'js fsuhlishcd ihat the principal impurity in these
sampic> vias pcnlachloroben/'nc.in amounts ranpin^ from 0.02 percent to S.I
percent. \Vhvn the ̂ irr.plci were examincJ qu^lit jt ively, I I oihei Impurities h'Tving

pol>ch!or'iR;r.cii rinc-i\p; siruciurcs v-cre iijcr.iil'icd:

CX'lachloaibiphenvl

Pec jch lo rob iphf nyt

l-Pcniai:hIorc\ihcnyI-l.2.3-dichloroc!liy'cne

Oecjehlorohiplicnyl

(X'lacliKirtilxplicnylcnc

CVl3Ch)oru-l . 1 -bicyclopcnladienvlidcnc

He.xachlor PC) clopenladienc

N o n j c h l o r o b i p h c n y l

Dccach lo rnb i phony!

Pcnuchlorniodobcn?cnc

1 1 is significant tha i this list include j no phenolic compounds and no pr;-dioJunsor
isopreJioiins. In fart , ihc only coinponndi in these samples thai coniain oxygen
arc dtox ins anu dihcn^ofurans.

Usti . '

HCV.K hlorf)b;n?cne ii a registered pesticide formerly used lo conuol a fungus

infection of uheot. It is also J waste byproduct i fom rnanufacluring plants that

produce chlor inated hydrocarbon solvents and pesticides (Villaneuva 1974; U.S.
Environmental Protect ion Apcncy I97.*p). ll can he u»ed as a raw material in the

manufacture of pcnuchlorophenol. hut is not so used in this country,

Hexachlorobtna-r.c is noi the same compound as Scn?enc hcxachloridc. The .

trnpiiic formula of hexaehlorobcn/cne ( HCH) is CkCI». aiid its s t ructure is thai of

bcn/ene in uhiih all of the hydrogen alomi have hccn rcpliced w i t h chlorine.

1 1 7 • ' . . . .



lien;cne he.vachl.irid; (HHC) is I he common name of hcxHchlorocyclohcxjnc. Its
empiric formula is C»H,CI». ind its s t r uc tu re result from clircci addition of
chlorine 10 hcn/cne rather Ihan Irorn rcjM.KVincnt ofhydropcn. One Mc'coisomer
rf HIIC . :tie gamma form. IN a powerful insecticide. 2nd Hi u%e in lhi> country is

.severe ly reminded, It is Mill made, however, because IIIIC" i\ .Tn iniermeJiule in llie
mosl commiip syni! ie\ is meiruxi i^l proju-.ing HC'H.

Manufarlurt

In the nunufaelurc cf HCH. the fir>t ilep i.x a pholochl-.)rinati:ir.. in uhielt
chlorine CJi ii buhhlcd ihruu(;h ben/enc: (Werllicim I'>.1»: l.'.S. I'jieul (''fi:i.'c
l?55b|. Thi. nccur> ir, a sjieciali/ed re-jetimi \ es \ c l filled wilh a slror.p sinirer of
u I: r;i violet h^ht In n lou-temperi i t t i rc reaciu)n. I he h^hl fai:i|y/c^ iho coin cr^i:>n
ill' ap|iioxiinjle!y 2.S peu'eni nf (he ben/cnc mlo a r.ii.vlurc of |!IU' -Mimef.. This
mi.xlurc i^ "crude" KHC. o»nsi>iinj; of about (>5 perceni of llie alpha iiumcr. IU
percent be!u. i.l percent panima. !< peu'eni delta, and < percent cpVilun. li is
.lenaralcc! by diUillin^; olf most of the c \ccss bcn/enc for recycle and then lilicnnv:
the DUC cr>sla!.', Irom the mixture.

All stereoiiomers of BIIC a re equally suitable for I he Tianuf:iclure of HCIi. The
continuation of ihe proee>s consis ts of mivinj; HHC u-i'.h cMorosulfonir acid or
sulfuryl chloride and holding ihe mi.xturc at approximalely 200J (' (or .several
hours (U.S. I'aicnt Office I957a). This slcp removes Ihe hydrojien Iron HHC' and
(hercbv rcstorci Ihe uniaiur;i\ed bon/cne rin^1. AV'hcn !hc mixture is cof'lctl. MCI1
prccipita'.e.\ and i.s separated by fill ration, rinsed u ith water, dried, and packjiped.
The fol low mi; iht>\^s the overal l chemical react ions ol ihe process.

H C!

EHC

CiS03H

HCI
H2O
SO,

Ocicriptions of these process sup\ provide no indicaticn (h.it dioiins o r e '
formed. The raw materials arc ben/cne. chlorine, ant' chloro.suHome acid, none of

MB
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v* hich arc I t V civ s o u r c e s of dio.unv. The only react ant t h a i could c o n t r i b u t e I he
o \ \ £ c n needed to comple t e the dm.x in r i n g . i t c t i iorosul i 'on ic ;icid. but in i rm
c o m p o u n d the o x s j r n n h y h t l \ hound in u f i n i t e u t t h MI I!* j r .

1 h c i c i \ . I ' . u u r v e r . ^ s u p p l e m e n t a l procrss i h u t contuhuu-v o;her chcrni ' j jK t h a i
nu\ l c < < J (o d i o x i n lcrm. i t i un. 1 hi> c \ ( u s'.ep nu\ bt conducted Jt vomc p l jnu .o r
ri.i\ I i 3 \ c been conducted ir. r . i rhct \ c ^ r \ . It ^ n u r V c t c \Ms lo r iNoa lc *'f g a i n m a -
H 1 1C' :i-t Jn i n \ r v t u ' u j c . l h i \ n u i i r n j l i\ c.\u JCidJ I r . M i i I he rni \lu."e nl v'ru Je II 1 1C."
2 nd IvM/ i -dc J l i r r m.isi c-l the c u'c*\ hen /cn< hj\ N'cn dut i l iod i>H lor rci 'vcto. f t<
t i n s conciT.lrj lcJ > i i ! u i i o i . . v a tor is .iduv'd. j lun^ 1 K nh n t h e r I ' l i c n i i v ' u U I hf
o h j c t ' l i v c i> I*1 I t u n i un c i : i u K , . M i I hat u; i ; t n t r j i n pjc o! ihe It 1 1C". I he M » l u l i , u i i t
t hen I i l i c f e J . l l i c . c rnuUinn PJSMT* i h r c u ^ h the l ; . l c r . w h i l e the1 \olid \ lh;t'. u c t r nut
enK'K ' l iC ' l a r c e j p i u r v J . Since t;;t m n u - H M C ' j c c u n » u t j ( e \ p r r t e r c n t i j M \ i n ( h e
c i i i u K i c t n . the MI| ids I f u r . i i !n\ \ i ; \ \ | i l l r j t r n n a r t* u\c-d l i i i 1 1 ( " J i n u n u l j c i u r c ;cuJ llu"
I jit Mir is in J i r J u i t ! : iJl i to b:c J V l he e m u l s i o n and i h c n ic . ' i I l e rcJ \ he vcccnil
Of op <>l M>! i J» vMni^ : . -u up to I h f or t mi^ \ a s ntit 'h ^ . i rnnu- ( l H C'as the t f ud; p r m l u f l
and t> d t i r d 3 i»d \u!J squr; i td\ ( I ' .S . P a l r n t O J I i o c JV5.^h | .

A\ ,ni! iC3icJ b\ the pn'v*c\\ p.iicnl. cheniu ' j l s adu.'d d unr.f i h i \ v u p p l c i n c n t a l
% \ c p inc lude y w i d e j a n ^ c o l o i y a n u * d e i e i ^ c n U anJ \oUcnU. t.ui none nl lho>c
hs'.cx! jrr phenol ic iu h a v e been shou n t >i r f c a l c i f i o . \ i n \ . I VcUi >!ciit\ of ihr an ton ic
type arc p r c l e i r e j . csfxrcui i ly ,-.j!i.s o! > u l i o n J l e d succmic c % l c f ^ , i i h b n u ^ h :inv of the
f o m n i n n \ u i t . i c c - j c t i \ e a ^ c n i > j r c > u i t j b l c . S u p p l c m c n i a l s . ) ! s fn l> ma> nti l h<
employed , s ince hcn/enc alone is said lu h< prc lcr rcd . hui o t h e r \ u i t a b l e v o l v c m *
includc d i o x a n e i . on\ ol the a l i p h a t i c M i b i t i t u t e d r>cn/ciic\. jn \ o l (he c o n i n i b n -
c h l d f i n j l c d p ^ r j l h n fudnvarhoni . L e f t i i c n c j t . a n d c t h y l e i h c r . I ) i o x a n e i % I he on?
compound I'.slcJ i K i t nu j th l couuibule (o dui . \ tn l o rmMion . aUhou^h \he ic;vcUon
j> no ; rcpoTied in p u b l i s h e d l i l e r a t u K .

C u r r e n t ind'.t m^ i - i i n on 'he v o l u m e ( >f n u - , I ; i i n n > n n( l»c». sch!i*:;;Sr".*rr.c ;»
•j.-u'cn^tn. A n n u j ) producl ion C N t i r u t e v r j n p e I r o m 4 20. (XX) lo ?rffJ . lnKl pound*.
S i a u f f c r \ * a s ihc o.ih tcptiricd dornrs l i c p f i x l u c e r t r \ f1?'-!. Oovcf Chemical
C"ompan\ of N u p i r j >al!>. \'cu \'orl. vus [he onl> rcporicd producer in I V ? 7
f l. '-S I n M r c n m r n u ! i V n l c i t m n Agency I 9 7 x ^ } Di.j.um h j \ c not been repor ted in
nn) o l her L 'h l iHOben/cnc compi iunds .

OTlitR PHtNOI. lC COMPOUNDS \\1TH D I O X I N - K O R M I N C
I ' O T E N T I A I .

S c \ e r j l ci ' .mpuunth »i:h 2 phcno! n u c l e u s '.hal do ntM c o n t a i n ch lo r ine J*rv now-
•b<: in^ n u n u i a ( . ' l u r e d or * c f e n u n u l a c t u t c d a t tme hmr . Four \ucl i cotnpocnd\ or
clj\.scs o l c o m p t » u n d s a rc c x a m i n c O fnr ihcit i ) i o \ i n - J o n n i n ^ p o t c n i u l in Ihii
vrct ion. (See »Uo TJ&!C 7, p*£f ?^)

R r o m i n i l c d Phcno!.\ .

T h r e e b r n m m J i f d p h e n o l i c corr ipound> u c r c once f runu lac iu rcd . and nu \ s t i l l
he . Because b i o m i n a l r d d m \ i n \ lu\e been n \ a d c in Urx>r jU>ry f v p < r ) m c » t s . ih t )

. p ' _ j \ be c r e a t e d dunni : l l i c r n a n u f - T n u f e ol ilie^r compounds .
P u b l i s h e d c'ala de^nbc the proijuclion m c l h i n J fo r t c i r a -h ro rno -< re so ! , u h k ' h i x

rnj'Je b\ d i rcd b r o m m a t m n ol i.-crc-**'! in s s o l v e n t of carbon t e i r j c h l o n d e u i t h
a l u m i n u m jn j i r o n p i i u d c r \ a \ C 3 t j l y i t > (I'.S. I ' j t c n i O f l i c e 19-J.M I be foUoss in j :
ic-a'.'iion ii conJu'.Tcd 2! room t e r n p c r a t u r c . and il r equ i re s about T-t h o u r v to
co.iiplclc .1 b i t ch
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inlo phenol and carbon dinndc. but jNo mUnnullr.'amounU of phem I ̂ r.Iicvblc.
winch in turn cor.den\c\ to xanlhone;

o
11 .--,
C-'O.

' • \

o-JH H;

h r x u smcruu X U T K O N C

Since ihc or i ho car Son i\ he'd wealth ;n the vjhc% lie jod niolcc jlc. a nd unce I he
liipkr-nnp .\anthonc ilruclurc hxj Lxcfi.idcnhlicd. Ihc lirrnuhon ol dmum nu\
slut he possible. f»f>ccially it oxv^cn is procnt.

Foih wltcvlK-atiJ and x.inthonc urc uidtrh iJ iv t r ihutcd in n j tu rc Salic\ l tc olcri
arr tcij>on5ihlc lor sonic pUnt lra|:rancx\, itnd xjinthonc i\ a \cllou pigment in

llo^cn..
Sjl j->lic acid ii ma n»f» eta red b\ four companies in ihis count r \ :

I)«>u ChctnKat Compjnv- Kiidb«d. Michijum

Mohvanto C\'irpan\ St. l.ouiv. Miivtiun

I! [i;ori-1'M\ i> ("heni.c;tl C'onipj-,v (" tnvinna.r, Ohio

1'cnnrc.i C'hcm>cat». Inr (ijjficki. New Jcru->

1 he v'oinhiocJ capacMN r.f ihoc lour plants ii ?4 million i'liD^rurnv iir.nujlly.

AmlnophenoU

] h^ .»mminopKcnuU couli! Cv»nvcMa'r>is lorm dioxin-. throuph condr r7ulion v» iih
lo\v of amnnma. 1 hrvr arc not hiyh-\o!umc t hciriK'^U jnd arc n-.»l L no* n lo Nc
rii;Je will; halogen \nVn;nucnli A ela*\ ol rcl-iled cump*iund\ i\ Lved in much
Urpcr quantity: thc« arc Ihc den\'aiuci i»f f-aniiidmc (rncthovyaminoScn/cnc).
vhicli in w r v r r a l lofmv arc important dvc inlcnncdutr chcrr.icatx. I lic\c mi^ht
c«>niicn^ in appiopiulr e^^ t f ^^n lncn>^ m'.o »h< dtoxm ^Uuciirre thioujh lo\i of
rnelh) Iitninr Ihc cnv i ronnicntv t»ouM prohahl) txr ^c*dic.

0~CH3

Although I KIN rcanion n fv>> \ihlc. it i% unliVch
"lx>und U> the rxn/cnc tii'.^ Arrnnophcnoiv or
vouico.of di^xm conlaniii iatton.

c ihc aminc gto»:p tv lijihl!\
c<)mp<lund^ arc nut lilcly

O I O X I N S I N I 'ARTKTLATL 1 A I R K M I S S I O N S
K k O M C O N t B l ' S T I O N S

l rrporu hv chcnii-iu «tl the I XT* ("he ni«:2! C'omj-
n t\ i neural c onvc\|t:cncc of i'unihu*uon

ans mjinlain ihjl dio\in
X>w I V ?X( . I here arc

I2J



u;
n u m e r o u s n a l u f u t l j r txvumny conipouruS '.hat v*>u!J. d u f t n ^ the r t i r n p J c x puK'c\*
ot c o i n b u i t t n M , >cr* c a* p f r c u r v r»r\ nl d.ov.cv cVrr.t^tf u»n of l!iCi< i M i n p v i u r u f \ in
the prc\cru*c o( c h l n r i n c - o o n i A i r . i n j T ct impound (c x . lH) 1 i,t p o l > \ i n \ U h I o n J c |
O'uU kid lo the I n r m j h o n •>! cMiUi . i J fn l J I O M H V . 1 x a n i p t c * «i t MJC^ r . j t u r u l l y
LH'x 'u/ img "polcnlw!" J t o x i n p t c i ' u r ^ r . r v ^ rc ^ : ^ c n bcio*.

OH

OH

OH

1
Ji

i-~,
£
0

Calf Choi ( J?l occurs in n a t u r e A> the product ol phcm>! h i i K l c j ; r £ d a i i i ) n and J\ c
nujof pr ivJu.'l ii( u nn:n p\ roll, MI ( Wcr t hc tn i ''^^1. (iu;ii;:t:o] ( ̂ 1) t<cur \ i\ ihc
n u / t > r p l icoi t - ic corriptincin in cc\crji hjfJw.iKXJ (;et-^ and :-» ,*i>u pu-p^rcd
f \n ihr t ica l ly lor u « r n > an m>;:cjirnt incoi i^h i \ r u p » l M e f c l I V 7 X ; ; • S l :l '-\ Ur.ili
W ? 9 V A d r r n 4 l i n c iN) i i J tK l r i r s ! 1 ) t^cii trni |> m a m m a l i a n lioi .nur.r am! i \ aKo
prrpj t rd \\ rilhr:K"Js!l> Inj uvc in roan) J r u p (of f r .uUtui tn ( t ' .N ( T \ t > r ; - f l i V ? V l

jnMjpi mi'liiOc \ j r . i l i in |^M. uh ich it Ihr laiori i ' .g inj::ci3;cnl in vam.'lj cMr^ct .
i i f j N !n>>! l^.f'1. .1 i n i M U f c ol oimp.iunJiihj! arc the- I O V H v.-on^t!UU"ru i>! rK'ivunr. y.
cu£c;i!>I I^J). I^K pun^rrul pnnoipic o! clovo; c'ap^Atctn I ̂ ) lh<: p u n - c n i pi iru:iplc
ivf s anou t pc]i trxfN; and ulro!c i ^ 4 j . ih<: i tu jor s^ l ju l e t:on-\ht!Jcni i»I v J ^ v J f f a » .

I

sv

&

g"£
B

CXJ

OCHj

OH

CH = CHCH (CM, >2

OH

OOb

CHjCH-CH-

I'

il



Amonfl in Any plarl «Ui!oiJt ih?l include (he tt rui'tuK arc tfM.vpm£ i.*0}. jiUucinc
(3(( . Jnd cokhmnc lj;J CXhrr potential t!tOMii prccucvnr\ fit: found t.i the

(oniccm (.M) KMC3 of Jinlibioucv, pruned by a lun^ui, intl jilio in one *i| the
acu\c in^H'tItcn'.« t>f t'rct^oH.

A c t ^ n ^ t ^ t u c n l 01 ;»niniA! unr.c it 4-,.\drovy-)-(nctluui\ mamlclic aCul (Merck

lndci I'J'S). Sir.t'c ihc vtfiictutc i1* so con fnon in !f\ tnf »Hpjn;ini\, it i^ uhi) ollrn

u^cd in ivnif ici ic mcJurir^al conip«iurxj>. .nciudinjt |ilK-r,iv.in.inc. i»oprotcicnul.

cvht ',JH uiuc^ihcitc). nicthoc^fNtnol. *nd the h:xf;-\*»iiin:c »Jfuj;\ j(u;n'cac»in *n<J

OCH,

CH,O

CHjO

NfHCOCH-

CHO

!̂
OM

V

At t b-v
diuvin. A mK'fiwif j;inum \pci~tcv cicilrx x Oc)cn\ iVc oKcrrm'jl luo>vn *\

dfi)uiphil;:n A I W|. (;>-mclh>i\ \ l c t r JChli«i>ph<-ncill I .Vk.'tl Ir.Jcv NTS) |nilx:«"\

it could. *^rn hv'alcj. K»rm j wh>lit uIcO h \d i»> \% uf fnct ho v y i'hUicrvJ l,*d dioxin.
oi^c p->-»vibtlt l \ ol whxrh «• - . • - .

CK OH

Cl

a

HO
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So e in! rr port i tic wnl* l>.c ivciir.'encc uf d iox ins in f lvaih and fl'»<r ju*"i from
mvj.-uopj! -ru'iner./1 *.if>. and mJiuir; j! h< j!i;»p 1 j oldie* I.T 19 T 7. « r_jJMi% ul \jn:p!r*

of fly jsh f mm Ihrcc inuniVip j| tru'iiic: JH*M :r: the Srt'. iCf'jnd> shirked I 7 d.flcrrnl

dimir.\ O 1 C'PPV ^ ^nu-C'PPV 4 he x A - C ' t > l ) ' » . ! hepu-( P t >V stw! (K'ppj

(OIic. \Vfrnculcn. jnd 11u.'/.n^er 1 ^ 7 7 ' r A l though the \pcoiiC our) No -.»f norrwrr*

A a * not tt jied. the vj me di \Mtrn v * e f c tounj in (!u* f 4\ f t oni on<f ol ihc trvinrr.iioM

!M jjdi'tun. l.nj;c ^miMjnl* of di-. to-, a nil. icicjchloropherol* w e r e itiund in fiye

j;4sr>.. aud hiyh l t \ r !v ol chl.tn»K:n/7nc%. ctpccijln heucMttioKrn/cnc. V k c t c
dc(c«.'(exl in ait (K f^ VJ^P!<>

Another t r *m r[ im r i t i f ^ rorv (cp*'rlrd 'mdin^ (he xame iii.>Mn\ in S^tPcrl f lnd

jmmir.l ol pol\i.|ilortn»lf d 'J iNcn/o- / ' -d i ( /v i i ] \ in ihc I!) 4\h Irom * S*<* us munu'ipjl

initurt .\' or ^nd it»;i'j^'f :j! healing iaC;iH) w e r e U ? ppni and U t ppili. lojxi. li> ch

i \orncr \ lound in the tK a^ii »^ fiipJo I l^e dinx m isojr.tr^ I, no * n I (i be nui-.t IOXK.',

uhK-h are :..1.7.K-K'Dl >. I..V U.X-rxn^-C! >! >- l.:.t>.7.S- and I .l.U.X.N-fxx:!-
C " ( ' f > , v *e rc - OM!V m'noi cunvi i tuein i ol [he ?oul ihoxini lounJ

I jlrr m J^"^. roe*d'hcr^. Ht I\iw (,'hcnucjl t'^tnp^nx icp*ir\rti fiodm^ pph

a ad c iparc l ic) . (Sec l^bU1 ^0 | At! oMhoc %ounx\ are hc.'ic\c(( lo Kc located on or

near the 1 )t»u lar'iiturv en Midland. Micl.i/iin. l c t r> - . he\jt-. hrpi^-. and

fcL i ' i ve '•(> t'^ru'enUatH'ti* ol »»th-ci i j :o\>n\ IV)>* forjL'IuJed Irom the \ludv that

f*e j i fn r rv e' v i.r.;J iNjt. 1.1 Inv't. t ,k.!;»f '.n^;c J ditx'n/ t>-/>-ti:'> ̂  :n» n* j \ he u l'iv,'-iiou* tn

cn.'rthuvl.or: p(iKT%vc\ A p/rltrr.:ri*n djt j 4*^Iy\f.\ hv I he F PA il«-% r.ol cndrrl\

*X* C - v :ih ''i.i-A 'v v'onvt^^iu^s 1 he 11' A ciJn'.inues lo hclK^t that !>T»\ Wxjljnd

punt iv (he rvijof ar-d pi^MM\ I hr nnh vource of the thoxint Ci'ni jmjrutinj*. t i^h tn

ne^rb\ n »ci \ I hr (• f'A hj» r: Lf.1 Pow (or f uithcr i'!*nlrcatic>n ti.' the comp^ny'k
Itndmp atK l a iuhtwa! i^rll-.tKj* (SKvcn-Jj IVN).

In conUi*l lo the Po* lir.ding of *.\ ppb K"PP\ in powcrhauw rmi*.\u»n^.

comnif rcu! I't^il-fucJ pK'w cr pbni in C"jlnui nii, !hr deiexrt 'oo l:rntt \* i v (.C pp1

C'rummcii of Puv. ('licmml C'on)pj-i\ j \v^nv ihji Ihoe vludtcs could not h-i\e

fou.-nl 2. l .7.K-1 f "PI) lu h< prevenl hecju»c Ihe toNenU u^rd for the cxlracm.>n

lev'hn^jucv in preparat ion .'or I he amluK'jl ^ ru t \ * i \ v»rrr not approprulc

|r, i'3%iJ Wtix'hl Sta te I'IIIXCMIU cbcnml* jnalwcci ciTii»M»ru Ituni A V!.S.
ff.ur.H tt.ul inf<rKi*lor (ui cl iU>rddiov<n\ ( I tcrn*n xod I A s lot t*?r.Ui I C t>l)\ s*crc

i» * mionf pr oJiKX atiO es i\.'crx'e ^ a-. t»M jmed (tu I he p/r«<nct «»l

The fofrnation of diuxnn durn the iNcimji! rfre.nmpoMtH>ft of i

antl lh<;{ \~*'<\\ ichlor«'phcniirs 1 H ^*ell dix'^rrvcnlcrj lf\ 1^71. Milnc iepotted

I'uidin^: n.> c\iv*cnce ol l.iii:i,i[Kiri ol (uucf rhlonruud d iox i r i v f rom the t h c t m a l

dccorr.pouimn o.' dicnUuophcr.oU. all MV d:cb(iifupn<n<'l nomer* »ere \ludic\J.

Houc^e r . Aniline (N71) found tha t p\ io)\m of },.V-'.(v-10'*chIii/oph<:na[c

proOtKcd I*o hev*-l PI) i>iinK-i\. l a te i . Siehl rl 4\ ll^^.M luund tha i burning

cilKit ^»HKl or pjpcr I re^ lcd u i:h r;<n:achlot ophrno! did net pf (HJiK'e Ihe dioxin

*rHl ?."\'t-ln. ?. V^ .V ! T. 1. Vf» ^"J ?.. l.J.f>-ici!i. Jnj ivi>i.\ hiii/ i iphccj!r% toohUtM



TABLE 20. DIOXINS IN S E L E C T E D SAMPLES1

(ppt> excKfi l ».'j noied)

Sour'e* ;

5oi l t r» inJrpI jA;

Dust '$JITpl«r3 Ir'om Dow

fl v t»«fch Outldii'tj .

.Sc'VomJ cJut* froTt

3 O1 1 1 ̂ d <j w k ! f f O T\

m«jo' wire arc* •

So*I • rvj d\ji\ f rom

• • • _. ; ' '

Sc*l I1"** ri-j»t f 'gm

Dcrvv Mador^fv ta' '

6«w>nl.,¥i.V, ,„„„,.,.,»,.

,0.,̂

"COD't

Olhor , '
2 .3 .7.«.TCDO T C D O liom.r. H« j .CDO'» HspuCDDi OCDD

03 100 0 8 - 1 3 7 - 7 6 0 70 3JrX) 49O- 70bOO

0 7 - 2 6 Q b - 2 , 3 9 - 3 S 1 -JO- 1700 f iSO 75OO

OO3 -004 0 0 9 O * 03 39 - 0 A 3 1

O O O 5 0 0 3 002 -O .M 0 1 0 3 3 0 3!> 22

nono . none 0 0 3 - 1 2 0 0 3 5 - 1 6 . 0 0 5 - 2 0

none non« . rvjn* 0 02 0 (>5 0 1 0 - 0 3 5

rx>fte nuni . 1-20 27-160 1 9O--1.10

rtorvfl non« 1 .4 -50 4 • 1 1 0 0 060
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4 1 B 0
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7 14

3
3

3 S - 1 1 0
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8 ?:
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10 16
u»o ?a;

0 3 0 7 0
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b.?9

0 6
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7CO

3^ 07

D7O

•i.>ro



TABLE 20. (continued)

Sovrc*

TCOO'i

Othsr
2.3.7.8-TCOO TCDO Isor rnrV H c x i - C D O ' i K o p t » - C D D ' «

CW"<v

Str*vrr.

0007H

1 8 6 0

1-4
:«ntfj1it>n • poll

10

M A '

002-!

1 2 - 2 5

N A'

OCOD

O C 2 C

56- 1 15

3 ISOO

15 'fi
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TABLE A5. PRODUCER? OF PESTICIDE CHEMICALS.

CLASSES I AND II

Cun I

B:/e/v)i

Chlcrenil

Cctfp.
C^on
DjfTx
Dov.
F»;i«4-
Gu'.h

Dvi-n.
MonMnto

2.4-08 »rxl UKi

VillltO)

-< n.i c< da. .

(uiorw)

Ml l. IN

Boul<J»<. CO'
Niu^ilock. CT'

Amble'. PA
Ff FfTxjni. CA
Si Jomph. MO

d. OfT

M^fl.rjd. Ml
TufC3Kx>io. AL

. IA
Whuolo/d.

Klri'n Cir). KS
N r.ftra«; City KSO
l'-j.-ii«.v). OS
St Jo««)N. WO
Si. P«ul. MN'
CH--jpuHjli. IL
St Uxi^t. MO*
KBtu.t C'ly. KS
J»\:»K>nvill». A^
OrtorvJo. FL*

. PA

N. IUnv»k City. WO*
PcnUfXt OR

St . MX'

TX
TM*

. NJ*

on. SC*
Ml P»»«>»ra. IN*

K»r.i_M CUT. KS



TABLE A6. (coniinufd)

GAf

»nd Soulh

1

2.4 Of

20 GrvimJorx

Nrtro'en Rohm and HAAI

PonUchkrfOchencJ (PCP) »t>d Dow

M<x\«nlo

Vu!c»n

Girth Ch*mK

2.*.S-T

Ccxp

2.4.5 T
Dow
Gi/th

;*< Ortr»

Trinivti)

;.3.4.6-T*ti»c)J(xopN><To.' Dew*

331

Pi*V.«rx5. OR

Ml1

in. KJ U

kj *"

. PA

Mi

. u.
T«CO<T>». W*.

Pwi N*ch«.1

W>ctwt». KS

ilUI

Ml

CK*C»CK> H^u. r^.

. AR

t. PA
.CA

Si Jovtp\ MO

. MJ
e. «.'

twrt. GA-
SH. KJ*

X>nu« Citr. CS

Si Lcun. MO*
MnM» C.rr. KS

i. AA

. Ml
Fix I HK^n. tX'

t
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!X
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. CW

K«Jb. KY
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I TABLE A7. ALFHABETICAIUSTOF PESTiCOE CHEMKtALPnOOUCERS

»! fciat*)

Aotlo CN«f^ Co. IfK. flv I r\.r>;.

Aico StfxJj'd Co/p.

m Pfod'.<lv (AC

v-^. A,
PO bo* 33
ATIM«I. PA IS002
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Co-b-dt)
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LifWin XU --""'
Si Jcrihph. Mp

wl Co. V.'iirvf ». KJ
B*frf*n Av.
W«rrw. NJ 07470

Ccxp
Kcrt UcC*t Crnlw
O*U>V)fr< City. OK
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^B« CA

2 4 D »od en.rs *r>d «j)u (I)
J.4 DB too iWi(l)
O j u i ind ium in*
2.4.S 1 and t s ie r j srvS ulu (I)
Biom.-u^rj! and retail |ll)

2.3.6 TuchJtvciwrucx eod ir>d
M--I ( I I )

d (II)

MCP8III)'

«*a. MXI;jm i*J| (I!)
DiUj) t->Jium |;j'
2.4-0 i^J tllrtfl irwd »4H» (I)
D-«ul Kxi-um (t)'
J 4.5-7 grx) «l*f» *X) Mhl P!
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2.3.6 tn::.MD»cO«Aft>c »CKJ (II)

« (U)

(I!)'
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3401 Hi
P.to Abo, CA 943O4
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4.5-D>rvi[ro->-cirtol c.x
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ICM9 Someriei Si
So>n«r«<i.
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TABLE A7. (continued)

Locnioi>

f MC C(yp
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(I)
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910 Miilot Si
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TABLE A7. (continued)

Producer Location

Weick. and Co.. Inc.
126 East Lincoln Av.
Rahway. NJ 07C65

e. NJ

Miller Chcm. and Feet;. Whilofwd. WD
Corp
Subsid. of Alco
Standard Corp.
Valley Forgo. PA 1948!

Millmasttr Onyx Grouo Berkeley Hgts.. NJ
99 ParV Av.
New Yorl. NY 1O016
(Pan ot Gull Oil Corp.)

Mobi! Chnm. Co. uharlesion. SC
Pho>pf-orus Oiv. Mt. Pleasant. TN
P.O. Box 26638
Pichmond. VA 23261
(Div. of Mobil Corp.)

Mon&anto Co. Anntsion. Al
800 Ncwlh Lindbergh Luling. LA
Blvd. Nilro. VW

Si. Louis. MO 63166 Saueet. IL

Monsanic Co.
(continued)

Monon Chem. Co. Ringwood. IL
Div. o<
Morton-Norwich
Products. Inc

'lOO North Wacker Dr.
Chicaoo. IL 60606

Ncxth Eastern Pharma- Verona. MO
ceutica! and Chflm. Co.
PO. BD-C 270
Sumlord. CT 05904

Occidental Pe:roleum
Corp. (sea Hooker)

Olm Corp. Leiand. MS
120 Long Ridge hd. Mclntosh. AL
Stantrxd. CT 06904 Rochester, NY

(continued)
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Chemical (cl««)

Pentachlorophcnol and saks (l|*

2.4-D and esters and salts (I)*

Silvex and esters and salts (I)'
2.4.S-T at-.d esters and sails (I)'

Dichlofenthion (I)'
Bifenox II)'
DiChlofenlhion (i)" -

Parslhion (II)
Proponil (II)'
MCPA(M)'
2.4-D end esters and salts (I)'

Pentachlwophenol arxj salts (I)
o-Ber.ryt-p-chlorophenol (II)
MCPB (II)-
PCNB (II)'

Mccoprop (II)'

2.4,5-TrichIoropheno! and salts
(I)'

PCNB (II)
PCNB (II)
PCNB |l!)'

J



TABLE A7. (continued)

f.
r
c

Producer Location

PBI-Gordon Corp Kansas Cilf. KS

300 South Third St.

Kansas City. KS 66118

PrsnpiS Drug rnd Ne-varfc. NJ

Chem. Co.. Inc.

363 Seventh Av.

New York. NY 10001

Reichhold Chem , Inc Tacoma. WA

RCI B.dg.

Whits Plains, NY 10603

Rhodia. Inc N Kansas City. MO

600 Madison Av,

New Yofk. NY 10022
(Subsid. ol Rhorw- Portland. OR

Poulenc SA (France))

Rhodia. Inc (continued)

Si. Joseph. MO

St. Paul. MN

Rivefdale Chem.. Inc. Ch<»flD Hjts. IL

220 tail 17lhSi.
Ch'^tyo HSJIS., IL 60411

Sobm Chem.. Inc. Nev«t!<_ NJ

InlcfrialKDnal Minerals

and Chem. Cc^p.
IMC Pltra

ills. li. 60CKB

«m. Co.
Pure-Ailaniic Hwy.

Pott Neches. TX 776S1

POM . TX

Staollcf Chem. Co. Cold Creek. AL

Wastpo.t. CT 06880 Henderson. niV
Ml Pkasant. TN

(conlinuedl

33*

Chamical (clan)

Din>etnyl<fmi

2.1.5-T end esters »nd satis 01
Mecoprop {I1J.

Lindon* (II;

Peniachlorophenol and sails (I)
o-Dtnrfl-p-chloropheAol (II)

2.4-08(1)'
loxynil III)'

2.4-D (I)

2.4-08(1)

2.4-DP(i)

Biomoxynil end 6itc:^ (!!}

MCPA and derivanvts (II)
MCPB (II)

2.4-D and esters and S3l ts (I)
2.4 -dB ind sstti (l|

Bfomoxynil a, id esMit (II)

MCPA and d«nv:[lves III)
MCPB (I!)

Me-copi'op (!l)

2.4-D and ett«r» and tarts (I)'

2.4-DBII)'

2.4-0 »nd esters »nd sahs (I)

S'lven and est?f$ and sain (l|

2. 4. 5-T and es ters end talu (I)

Propant: (It)"

Pem»chlOfoph«r>ol arxj sjlti (I)*

2.3.4,6-Te(rectilorc<>nenol |l)'

Carbophgnothion (Hi"

C'^oohenothion (II)
Perathion |II)'
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TABLE A7. (coniinucd)

Producer Location

j Ctxp
(tea

i'
t?

c

Tcrvoeco Chemi Co Fords, N J
Pa'k 60 Pia;a Wef t
Stdola BrooV KJ07662
iPtn ol Tfnn*co, Inc 1

Thompson Cî :^! -V^£
302B l.ccui( Si
Si louis. MO (33103

Kantas City. KS

«. AR

Crwn Co
5?OO Sposi«' Ho.
PO Box 23fl3
Kanws Cny.KS 661 10
(Subs'd. ol Nonh
American Philips Co<p I

Transvasl. Inc.
Mjrjhall Rd
P.O. 8o« 69
Jacksonville. AR 72076
(Sut*i*d o( Vertac, Inc.!

Union Carbida Co'p InsiituK arx)
270 Park Av. Charlatlon. WV
Kcvt Yo»t. NY 10O17
(i*« tlso Alchem)

Uniroy»l. Inc. Naujalixrk, CT
1230Av. oltha
Amer*cas

New tort. NY 10O20

Ve.'ncol Cfvem. Corp. Rayport. TX
341 tail Ornc Si. Btfiumonu TX.
C-ioso. IL6O6I1
(Sol>tid ol Northw«ii
lrrfuitF>«». Inc.)

Vedac. Inf.
(wf Tr.tntvatl arxl
Eaglo Riv«r|

Vulcan Wc:«<t*lj Co. Wichna. KS
P.O. Bo.
Birmingham. AL 35223

2.3.6 Ti;chl£xotxrucwc oc>d and
salts (UK

12.3.6-TncWo'oplifnvi)
ncedc acid and -jod.um s>li (II)'

2.4-0 and esifs and si> I.";'1

Silver arxj carers and s-aUs tl)
2.4.5-T and «!>!($ and salii (l|

2.4-0 and rs:;fs and tills (l| -
2.4-DPII)
Silvei and vi'.ert and ul'.s III
2.4.5-T and esters and tails (!)
2.3.4.6 TeuacMoiotN'-crol |l)
2.4.5-TricM<x»>phenoJ and
*»!ls (I)

Divul todiumdr

Chloon.l II)'

O^amba (l|

Ptnlachlocopf>«nol »nd vails (I)



TABLE A7. (continued)

Produor

O<UixSo. f L 2.4-D
Sut^-cf o<

6373 N E 2nd Av
Mum,. FL 33133
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3. COMBUSTION SOURCES OF CDD/CDF: WASTE INCINERATION

Incineration is the destruction of solid, liquid, or gaseous wastes through the

application of heat within a controlled combustion system. The purposes of incineration
^-\

are to reduce the volume of«..yvas|e that needs land disposal and to reduce the toxicity of

the waste, making it more sterile. In keeping with this definition, incinerator systems can

be classified by the types of wastes incinerated: municipal solid waste incineration;

medical and pathological waste incineration; hazardous waste incineration; sewage sludge

incineration; tire incineration; and biogas flaring. Each of these types of incinerators are

discussed in this chapter. The purposes of this chapter are to: characterize and describe
t

waste incineration technologies in the United States ahd to derive estimates of annual

releases of CDDs and CDFs into the atmosphere from these facilities for reference years

1987 and 1995.

Combustion research has developed three theories on the mechanisms involved in

the emission of CDDs and CDFs from combustion systems: (1) CDD/CDFs can be

introduced into the combustor with the feed and pass through the system unchanged,

(2) CDD/CDFs can be formed during combustion, or (3) CDD/CDFs can be formed via

chemical reactions in the post-combustion portion of the system. The total CDD/CDF

emissions are likely to be the net result of all three mechanisms; however, their relative

importance is often uncertain. To the extent practical with the available data, the

combustors in each source category were divided into classes judged to have similar

emission factors. This classification effort attempted to reflect the emission mechanisms

described above. The emission mechanisms suggest that the aspects of combustor design

and operation that could affect CDD/CDF emissions are furnace design, composition of the

waste feed, temperature in the post-combustion zone of the system, and type of air

pollution control device (APCD) used to remove contaminants from the flue gases.

Therefore, incineration systems that are similar in terms of these factors should have similar

CDD/CDF emissions. Accordingly, this chapter proposes classification schemes that divide

combustors into a variety of design classes based on these factors. Design class, as used

here, refers to the combination of furnace type and accompanying APCD.
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3.1. MUNICIPAL SOLID WASTE INCINERATION

As discussed previously, CDD/CDF emission theory suggests that CDD/CDF

emissions can be related to several factors, including furnace design, composition of the

waste feed, temperature in the posVcombustion zone of the system, and type of APCD
~~r* -

used to remove contaminants from'the'flue gases. Accordingly, this chapter proposes a

classification scheme that divides municipal solid waste incinerators (MSWIs) into a variety

of design classes based on those factors. Some APCDs are operated at different

temperatures; therefore, operating temperature is used to define some design classes.

Because the theory also suggests that feed can influence CDD/CDF emissions, the

propose^ furnace classification system distinguishes refused-derived fuel from normal

municipal solid waste (MSW). This section begins with a description of the MSWI

technology and then proposes the design classification scheme. Using this scheme, the

MSWI industry is characterized for the reference years 1987 and 1995. Finally, the

procedures for estimating emissions are explained, and results summarized.

3.1.1. Description of Municipal Solid Waste Incineration Technologies

For purposes of this report, MSWI furnace types are divided into three major

categories: mass burn, modular, and refuse-derived fuel. Each of these furnace types is

described below, followed with a description of the APCDs used with these systems.

Furnace Types

Mass Burn: Historically, this furnace type derived its name because it burned MSW

as received (i.e., no preprocessing of the waste was conducted other than removal of items

too large to go through the feed system). Today, a number of other furnace types also

burn unprocessed waste (as described below). Mass burn furnaces are distinguished from

these others because they burn the waste in a single stationary chamber. In a typical mass

^burn facility, MSW is placed on a grate that moves through the combustor. The 1995 ;

inventory indicates that the combustion capacity of facilities ranges from 90 to 2,700

metric tons of MSW per day. Three subcategories of mass burn (MB) technologies are

described below:

Mass burn refractory-wal led (MB-REF) systems represent an older class of MSWIs
(generally built in the late 1970s to early 1980s) that were designed only to reduce '?.
the volume of waste in need of disposal by 70 to 90 percent. These facil it ies
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usually lacked boilers to recover the combustion heat for energy purposes. In the
MB-REF design, the MSW is delivered to the combustion chamber by a traveling
grate and/or a ram feeding system. Combustion air in excess of stoichiometric
amounts (i.e., more oxygen is supplied than needed for complete combustion) is
supplied both below anc^above the grate.

--^ >v
Mass burn vvaterwall (MB-VVW) facilities represent enhanced combustion efficiency,
as compared with MB-REF incinerators. Although it achieves similar volume
reductions, the MB-WW incinerator design provides a more efficient delivery of
combustion air, resulting in sustained higher temperatures. Figure 3-1 is a schematic
of a typical MB-WW MSWI. The term 'waterwall ' refers to a series of steel tubes,
running vertically along the walls of the furnace. The tubes contain water, which
when heated by combustion, transfer energy from the heat of combustion to the
water. The water reaches boiling temperature, and steam is produced. The stearn
is then used to drive an electrical turbine generatbf or for other industrial needs.
This transfer of energy is termed 'energy recovery.'

Mass burn rotary kiln combustors (MB-RC) use a water-cooled rotary combustor,
which consists of a rotating combustion barrel configuration mounted at a 15-20°
angle of decline. The refuse is charged at the top of the rotating kiln by a hydraulic
ram (Donnelly, 1992). Preheated combustion air is delivered to the kiln through
various portals. The slow rotation of the kiln (i.e., 10 to 20 rotations/hour) causes
the MSW to tumble, thereby exposing more surface area for complete burnout of
the MSW. These systems are also equipped with boilers for energy recovery.
Figure 3-2 is a schematic of a typical MB-RC MSWI.

Modular Incinerator: This is the second general type of MSWI furnace used in the

United States. As with the mass burn type, modular incinerators burn waste without

preprocessing. Modular MSWIs consist of two vertically mounted combustion chambers

(i.e., a primary and secondary chamber). In the 1995 inventory, modular combustors'

combustion capacity ranged from 4 to 270 metric tons/day. The two major types of

modular systems, "excess air" and "starved air," are described below.

The modular excess-air system consists of a primary and secondary combustion
chamber, both of which operate with air levels in excess of stoichiometric
requirements (i.e., 100 to 250 percent excess air). Figure 3-3 illustrates a typical
modular excess-air MSWI.

Starved (or controlled) air is a newer type of modular system, which is easier and
less expensive to operate than the excess-air systems. In these systems, air is
supplied to the primary chamber at sub-stoichiometric levels. The products of
incompfete combustion entrain in the combustion gases that are formed in the
primary combustion chamber, then pass into a secondary combustion chamber.
Excess air is added to the secondary chamber, and combustion is completed by
elevated temperatures sustained with auxil iary fuel (usually natural gas). The high
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and uniform temperature of the secondary chamber, combined with the turbulent
mixing of the combustion gases, results in low-levels of particulate matter and
organic contaminants being formed and emitted. Therefore, many existing modular
units lack post-combustion air pollution control devices. Figure 3-4 is a schematic
view of a modular starved-^air MSWI.

-:">.
*\

Refuse-Derived Fuel (RDF): The third major type of MSWI furnace technology is

designed to combust refuse-derived fuel (RDF). RDF is a general term that describes MSW

from which relatively noncombustible items are removed, thereby enhancing the

combustibility of the MSW. RDF is commonly prepared by shredding, sorting, and

separating out metals to create a dense MSW fuel in a pelletized form, having a uniform

size. Three types of RDF systems are described below. • * •

The dedicated RDF system burns RDF exclusively. Figure 3-5 shows a typical
dedicated RDF using a spreader-stoker boiler. Pelletized RDF is fed into the
combustor through a feed chute, using air-swept distributors; this allows a portion
of the feed to burn in suspension and the remainder to burn out after falling on a
horizontal traveling grate. The traveling grate moves from the rear to the front of
the furnace, and distributor settings are adjusted so that most of the waste lands on
the rear two-thirds of the grate. This allows more time to complete combustion on
the grate. Underfire and overfire air are introduced to enhance combustion, and
these incinerators typically operate at 80 to 100 percent excess air. Waterwall
tubes, a superheater, and an economizer are used to recover heat for production of
steam and/or electricity. The 1995 inventory indicates that dedicated RDF facilities
range in total combustion capacity from 227 to 2,720 metric tons/day.

Cofired RDFs burn both RDF and normal MSW.

The fluidized-bed RDF (FB-RDF) burns the waste in a turbulent and semi-suspended
bed of sand. The MSW may be fed into the incinerator either as unprocessed waste
or as a form of RDF. The RDF may be injected into or above the bed through ports
in the combustor wall. The sand bed is suspended during combustion by introducing
underfire air at a high velocity, hence the term "fluidized." Overfire air at 100
percent stoichiometric requirements is injected above the sand suspension. Waste-
fired FB-RDFs typically operate at 30 to 100 percent excess air levels and at bed
temperatures around 815" JC (1,500'F). A typical FB-RDF is presented as Figure 3-6.
Technology has two basic design concepts: (1) a bubbling-bed incineration unit and
(2) a circulating-bed incineration unit. The 1995 inventory indicates that fluidized- |!
bed MSWIs have capacities ranging from 184 to 920 metric tons/day. These |
systems are usually equipped with boilers to produce steam.
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Air Pollution Control Devices (APCDs)

MSWIs are commonly equipped with one or more post-combustion APCDs to

remove various pollutants prior to release from the stack (e.g., particulate matter, heavy

metals, acid gases, and/or organic contaminants) (U.S. EPA, 1992d). These APCDs

include: \ '*

Electrostatic precipitator (ESP),
Fabric filter (FF),
Dry scrubber (DS),
Dry sorbent injection (DSI), and
Wet scrubber (WS)

Electrostatic Precipitator: The ESP is generally used to collect and control

particulate matter that evolves during MSW combustion, by introducing a strong electrical

field in the flue gas stream; this, in turn, charges the particles entrained in the combustion

gases (Donnelly, 1992). Large collection plates receive an opposite charge to attract and

collect the particles. CDD/CDF formation can occur within the ESP at temperatures in the

range of 1 50 to about 350°C. As temperatures at the inlet to the ESP increase from

150 to 300°C, CDD/CDF concentrations have been observed to increase by approximately

a factor of two for each 30°C increase in temperature (U.S. EPA, 1994f). As temperature

increases beyond 300°C, formation rates decline. Although ESPs in this temperature range

efficiently remove most particulates and the associated CDD/CDFs, the formation that

occurs can result in a net increase in CDD/CDF emissions. This temperature related

formation of CDD/CDF within the ESP can be applied to distinguish hot-side ESPs from

cold-side ESPs. For purposes of this report, ESPs are classified as follows:

A cold-side ESP operates at or below 230°C.
A hot-side ESP operates at an inlet temperature greater than 230°C.

Fabric Filters (FF): FFs are also particulate matter control devices, which remove

dioxins associated with particles and any vapors that adsorb to the particles. Six- to 8-inch

diameter bags, made from woven fiberglass material, are usually arranged in series. An

induction fan forces the combustion gases through the tightly woven fabric. The porosity

of the fabric allows the bags to act as fi lter media and retain a broad range of particles
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sizes (i.e., down to less than 1 micrometer in diameter). The FF is sensitive to acid gas;

therefore, it is usually operated in combination with spray dryer adsorption of acid gases.

Dry Scrubbers (PS): DSs, also called spray dryer adsorption, involve both the
';

removal of acid gas and participate mcNtet from the post-combustion gases. By
..-•»•,_ ;,/<

themselves, these units probably have little ef fect on dioxin emissions. In a typical DS

system, hot combustion gases enter a scrubber reactor vessel. An atomized hydrated lime

slurry (water plus lime) is injected into the reactor at a controlled velocity (Donnelly, 1992).

The hydrated lime slurry rapidly mixes with the combustion gases within the reactor. The

water in the hydrated lime slurry quickly evaporates, and the heat of evaporation causes

the combustion gas temperature to rapidly decrease. The neutralizing capacity of hydrated

lime reduces the combustion gas content of acid gas constituents (e.g., hydrogen chloride

gas, and sulfur dioxide gas) by greater than 70 percent. A dry product, consisting of

paniculate matter and hydrated lime, settles to the bottom of the reactor vessel. DS

technology is used in combination with ESP.s. The DS reduces ESP inlet temperatures to

make a cold-side ESP. DS/FFs have achieved greater than 95 percent reduction and control

-.f CDD/CDFs in MSWI emissions (U.S. EPA, 1992d).

Dry Sorbent Injection (DSI): DSI is used to reduce acid gas emissions. By themselves,

these units probably have little effect on dioxin emissions. DSI involves the injection of dry

hydrated lime or soda ash either directly into the combustion chamber or into the flue duct

of the hot post-combustion gases. In either case, the reagent reacts with and neutralizes

the acid gas constituents (Donnelly, 1992).

Wet Scrubber (WS): WS devices are designed for acid gas removal, and are more

common to MSWIs in Europe than in the United States. They should help reduce emissions

of dioxin in both vapor and particle forms. WS devices consist of two-stage scrubbers. The

first stage removes HCI, and the second stage removes S02 (Donnelly, 1992). Water is

used to remove the HCI, and caustic or hydrated lime is added to remove S02 from the

combustion gases.

In addition to the APCDs described above, some less common types are also used in

some MSWIs. An example is the Electro Granular Bed (EGB), which consists of a packed

bed of activated carbon. An electric field is passed through the packed bed; particles

./'trained in the flue gases are given a negative charge, and the packed bed is given a
/

sitive charge. EGB systems function much like an ESP. Particulate matter is collected

within the bed; therefore, they will remove dioxins associated with collected particles and
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any vapors that adsorb to the particles. Only one facility in the United States currently

employs the EGB system, a fluidized bed-RDF MSWI.

Classification Scheme V,,-

Based on the array bf'MSWI technologies described above, a classification system

for deriving CDD/CDF emission estimates was developed. As discussed earlier, it is

assumed that faci l i t ies with common design and operating characteristics have a similar

potential for CDD/CDF emissions. The MSWIs operating in 1987 and 1995 were divided

according to the eight furnace types and seven APCDs described above. This resulted in

1 7 design classes in 1 987 and 40 design classes in 1 995. Because fewer types of APCDs
•' \ V \

were used in 1 987 than in 1 995, fewer design classes are needed for estimating emissions.

This taxonomy is summarized in Figures 3-7 and 3-8.

3.1.2. Characterization of MSWI Facilities in Reference Years 1995 and 1987

Table 3-1 lists by design/APCD type, the number of facilities and activity level (kg

MSW incinerated per year) for MSWIs in the reference year 1995. A similar inventory is

provided for reference year 1987 in Table 3-2. This information was derived from four

reports: U.S. EPA (1987b), Sytems Applications International (1995), Taylor and Zannus

(1996), and Solid Waste Technologies (1994). In general, these studies collected the

information via telephone interviews with the plant operators.

Using Tables 3-1 and 3-2, a number of comparisons can be made between the two

reference years:

The number of facilities stayed about the same (11 3 in 1 987 and 1 30 in 1 995), but
the amount of MSW incinerated more than doubled (13.8-billion kg in 1987 and
28.8-billion kg in 1995).
The dominant furnace technology shifted from modular in 1987 (57 units and 1.4-
billion kg) to mass burn waterwall facilities in 1995J57 units and 1 7-billion kg).
The dominant APCD technology shifted from hot-sided ESPs in 1987 (54 units and
11-billion kg) to fabric filters in 1 995 (55 units and 1 6-billion kg).
The use of hot-sided ESPs dropped from 54 facilities in 1 987 (11 -billion kg) to 1 6
faci l i t ies in 1995 (2.2-billion kg).
The number of uncontrolled facil it ies dropped from 38 in 1987 (0.6-billion kg) to 10
facilities in 1995 (0.2-billion kg).
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3.1.3. Estimation of CDD/CDF Emissions from MSWIs

Compared to other CDD/CDF source categories, MSWIs have been more extensively

evaluated for CDD/CDF emissions. Within the context of this report, adequate emission

testing for CDD/CDFs were availableifor,, 1 1 of the 113 facilities in the 1987 inventory and

27 of the 130 facilities in the 1 995~'ih,vehYory. Nationwide CDD/CDF air emissions from

MSWIs were estimated using a three-step process as described below.

Step 1. Estimation of emissions from all stack tested facilities. The EPA stack testing

method (EPA Method 23) produces a measurement of CDD/CDF in units of mass

concentration of CDD/CDF (i.e., nanograms per dry standard cubic meter of combustion gas
* , \ \

[ng/dscm]) at standard temperature and pressure (20°C and one atmosphere), and adjusted

to a measurement of 7 percent oxygen in the flue gas (U.S. EPA, 1995b). This

concentration is assumed to represent conditions at the point of release from the stack into

the air. Equation 3-1 below was used to derive annual emission estimates for each tested

facility:

r C x V x C F x H
LTEQ = - —9 - ; - (Eqn. 3-1)

10y ngfg

Where:

~ Annual TEQ emission (g /yr)
C = Combustion flue gas TEQ concentration (ng/dscm) (20°C, 1 atm;

adjusted to 7% 02)
V = Volumetric flow rate of combustion flue gas (dscm/hour) (20°C, 1

atm; adjusted to 7% 02)
CF = Capacity factor, fraction of time that the MSWI operates (i.e., 0.85)
H - Total hours in a year (8,760 hr/yr)

After calculating annual emissions for each tested facility, the emissions were summed

across all tested facilities for each reference year. [Note: many of the emission tests do

not correspond exactly to these 2 years. In these cases, the equipment conditions present

at the time of the test were compared to those during the reference year to determine their

applicability.]

*Step 2. Estimation of emissions from all non-tested facilities. This step involves

multiplying the emission factor and annual act iv i ty level for each MSWI design class and

3-8 April 1998



DRAFT-DO NOT QUOTE OR CITE

then summing across classes. The activity levels for reference years 1995 and 1987 are

summarized in Tables 3-1 and 3-2, respectively. The emission factors were derived by

averaging the emission factors across each tested facility in a design class. The emission
\

factor for each facility was c&cujated using the following equation:

-'••. -O
\ /"• i-C x F

A,
(Eqn. 3-2)

Where:

EFmswi = Emission factor, average ng TEQ per kg of waste burned
C = TEQ or CDD/CDF concentration in -flue gases (ng TEQ/dscm) (20°C, 1

atm; adjusted to 7% 02)
Fv = Volumetric flue gas flow rate (dscm/hr) (20°C, 1 atm; adjusted to 7%

02)
lw = Average waste incineration rate (kg/hr)

Example: A mass burn waterwall MSWI equipped with cold-sided ESP.

Given:

C = 10 ng TEQ/dscm (20°C, 1 atm; adjusted to 7% 02)
Fv = 40,000 dscm/hr (20°C, 1 atm; adjusted to 7% 02)
lw = 10,000 kg MSW/hr

10 ng 40,000 dscm hro. r ' _ r
dscm hr 10.000kg

40 ng TEQ
MBWW ~ kg MSW burned

EPA was not able to obtain engineering test reports of CDD/CDF emissions for a

number of design classes. In these cases, the above procedure could not be used to derive

emission factors. Instead, the emission factors of the tested design class that was judged

most similar in terms of dioxin control was assumed to apply to the untested class. The

following logic was used to make this decision:
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1. The tested APCDs for the furnace type of the untested class were reviewed to see if

any operated at a similar temperature.

2. If any operated at similar temperatures, the one with most similar technology was

assumed to apply. ,*,, ^v.
i

3. If none operated at a similar temperature, then the most similar furnace type with

same control device was assumed to apply.

Table 3-3 lists all design categories with no tested facilities and shows the class with

tested facilities that was judged most similar. \ v *

It should be understood that the emission factors for each design class are the same

for both reference years. This is because the emission factor is determined only by the

design and operating conditions and is independent of the year of the test.

Step 3. Sum emissions from tested and untested facilities. This step simply involves

(' summing emissions from all tested and untested facilities. This process is shown in Tables

3-4 and 3-5 for the reference years 1995 and 1987, respectively. The tables are organized

by design class and show separately the emission estimates for the tested and untested

facilities. The calculation of emissions from untested facilities is broken out to show the

activity level and emission factor for each design class.

3.1.4. Summary of CDD/CDF (TEQ) Emissions from MSWIs for 1995 and 1987

The activity level estimates (i.e., the amount of MSW that is annually combusted by

the various MSWI technologies) are given a "high" confidence rating for both 1987 and

1995. For both years, comprehensive surveys of activity levels were conducted by

independent sources on virtually all facilities (U.S. EPA, 1987b; Systems Application

International, 1995; Taylor and Zannes, 1996; Solid Waste Technologies, 1994).

The emission factor estimates are given a "medium" confidence rating for both

1 987 and 1 995. A moderate fraction of the facilities were tested in both years: 11 of 11 3

facilities in 1 987 (10 percent), and 27 of 130 facilities (21 percent) in 1995. Moreover, the

tested facil it ies represent 21 and 27 percent of the total activity level of operating MSWIs

in 1987 and 1995, respectively. These tests represent most of the design categories
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identified in this report. The emission factors were developed from emission tests that

followed standard EPA protocols, used strict QA/QC procedures, and were well

documented in engineering reports. Because all tests were conducted under normal

operating conditions, some uftcefiainty exists about the magnitude of emissions that may

occur during other times (i.e.,"\jpset conditions, start-up and shut-down).

These confidence ratings produce an overall "medium" confidence rating. Using the

procedures established for this report for a "medium" confidence rating, the best estimate

of the annual emissions is assumed to be the geometric average of a range that varies by a

factor of f ive between the low and high ends. For 1987, the central estimate of the annual

emissions is 7,915-g TEQ/yr, and the range is calculated to be 3,540-to 17,698-g TEQ/yr.

For 1995, the central estimate of annual emissions is 1,100-g TEQ/yr, and the range is

calculated to be 492- to 2,460-g TEQ/yr.

3.1.5 Congener Profiles of MSWI Facilities

The TEQ air emissions from MSWIs are actually a mixture of CDD and CDF

congeners. These mixtures can be translated into what are termed 'congener profiles,'

which represent the distribution of total CDDs and CDFs present in the mixture. A

congener profile may serve as a signature of the types of CDDs and CDFs associated with

particular MSWI technology and APCD. Figure 3-9 is a congener profile of a mass-burn

waterwall MSWI equipped with a dry scrubber and fabric filter (i.e., the most common type

of MSWI and APCD design in use today). In general, the congener profile suggests that

OCDD dominates total CDD/CDF emissions. In addition, every toxic CDD/CDF congener is

detected in the emissions.

3.1.6 Estimated CDD/CDFs in MSWI Ash

Ash from MSWIs is required to be disposed in permitted landfills. Based on

protocols of this report, ash from MSWIs are, therefore, not considered environmental

releases of CDD/CDFs and are not included in the inventory. For background purposes,

however, some information is presented below about the quantities of CDD/CDFs in ash

from MSWIs.

An estimated 7-million metric tons of total ash (bottom ash plus fly ash) were

generated by MSWIs in 1992 (telephone conversation between J. Loundsberry, U.S. EPA

Office of Solid Waste, and L. Brown, Versar Inc., on February 24, 1993). U.S. EPA
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(1991 b) indicated that 2- to 5-million metric tons of total ash were produced annually in the

late 1 980s from MSWIs, with fly ash comprising 5 to 1 5 percent of the total. U.S. EPA

(1990c) reported the results of analyses of MSWI ash samples for CDDs and CDFs. Ashes

from five state-of- the-art facilities located in different regions of the United States were

analyzed for all 2,3,7,8-substitutecTepbs and CDFs. The TEQ levels in the ash (fly ash

mixed with bottom ash) ranged from 106 to 466 ng/kg, with a mean value of 258 ng/kg.

CDD/CDF levels in fly ash are generally much higher than in bottom ash. For example,

Fiedler and Hutzinger (1992) reported levels of 13,000-ng TEQ/kg in fly ash. Multiplying

the mean TEQ total ash concentration by the estimated amount of MSWI ash generated

annually ^approximately 7-million metric tons in 1995 and 5-million metric tons in 1987)
\ ^

yields an estimated annual TEQ in MSWI ash of 1,800-g TEQ/yr in 1995 and 1,300-g

TEQ/yr in 1987.

Each of the five facilities sampled in U.S. EPA (1 990c) had companion ash disposal

facilities equipped with Jeachate collection systems or some means of collecting leachate

samples. Leachate samples were collected and analyzed for each of these systems.

Detectable levels were only found in the leachate at one facility {TEQ = 3 ng/L); the only

detectable congeners were HpCDDs, OCDD, and HpCDFs.

3.1.7 Current EPA Regulatory and Monitoring Activities

On December 19, 1995, EPA promulgated CDD/CDF emission standards for all

existing and new MSWI units with aggregate capacities to combust greater than 35 metric

tons per day (Federal Register, 1995e). The specific emission standards (expressed as

ng/dscm of total CDD/CDF - based on standard dry gas corrected to 7 percent oxygen) are

a function of the size, APCD configuration, and age of the facility as listed below:

1995 Emission standard
(ng total CDD/CDF/dscm) Facility age, size, and APCD

60 & Existing; > 225 metric tons/day; ESP-
based APCD

30 • Existing; > 225 metric tons/day; non-
ESP-based APCD

125 ° Existing; > 35 to <225 metric
tons/day

13 ° New; > 35 metric tons/day
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States have up to 3 years from promulgation of the Federal standards to submit

revised State Implementation Plans to EPA for approval. Once approved, States have the

primary responsibility to implement the new standards. This could occur as early as the

year 2000. As this date ap^-oaches, EPA's Office of air Quality Planning and Standards

(OAQPS) estimates that the'Xurrent estimate of national emissions of CDD/CDFs from

existing MSWIs will decline from current levels. OAQPS estimates full compliance by all

MSWIs with the 1 995 standards will result in an annual emission of about 24-g TEQ/yr

(U.S. EPA, 1996d).

3.2. HAZARDOUS WASTE INCINERATION
* i I >

Hazardous waste incineration (HWI) is the controlled pyrolysis and/or oxidation of

potentially dangerous liquid, gaseous and solid waste. HWI is one technology used to

manage hazardous waste under RCRA and CERCLA (Superfund) programs. As described

below, hazardous wastes are burned in a variety of situations and are covered in a number

of different sections in this report.

Much of the hazardous waste is burned in facilities dedicated to burning waste.
Most of these dedicated facilities are located "onsite" at chemical manufacturing
facilities and only burn waste associated with their on-site industrial operations.
Hazardous waste Is also burned at dedicated facilities located "offsite" from
manufacturing facilities and accept waste from multiple sources. These fixed
location facilities dedicated to burning hazardous waste at both on- and off-site
locations are addressed in Sections 3.2.1 to 3.2.4.

Hazardous waste is also burned in industrial boilers and furnaces that are permitted
to burn the waste as supplemental fuel. These facilities have significantly different
furnace designs and operations than dedicated HWIs; therefore, they are discussed
in Section 3.2.5.

A number of cement kilns are also permitted to burn hazardous waste as auxiliary
fuel; these are discussed separately in Section 5.1.

Mobile HWIs are typically used for site cleanup at Superfund sites and operate for a
limited duration at any given location. These units are 'mobile' in the sense that
they can be transported from one location to another. Due to the transitory nature
of these facilities, they are not included in this inventory.
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The following subsections review the types of HWI technologies commonly in use in

the United States, and present the derivation of emissions estimates of CDD/CDFs from all

facilities operating in 1995 and 1987.

>AV '
3.2.1. Furnace Designs for Dedicated Hazardous Waste Incinerators

The four principal furnace designs employed for the combustion of hazardous waste

in the United States are: liquid injection, rotary kiln, fixed hearth, and fluidized-bed

incinerators (Dempsey and Oppelt, 1993). The majority of commercial operations are of

the rotary kiln incinerator type. On-site (noncommercial) HWI technologies are an equal mix

of rotary.*kiln and liquid injection facilities, with a few addi^ioipaj fixed hearths and fluidized

bed operations (U.S. EPA, 1996h). Each of these MWI technologies is discussed below:

Rotary Kiln HWI: Rotary kiln incinerators consist of a rotating kiln, coupled with a

high temperature afterburner. Because these are excess air units designed to combust

hazardous waste in any physical form (i.e., liquid, semi-solid, or solid), rotary kilns are the

most common type of hazardous waste incinerator used by commercial "off-site"

operators. The rotary kiln is a horizontal cylinder lined with refractory material. Rotation of

the cylinder on a slight slope provides for gravitational transport of the hazardous waste

through the kiln (Buonicore, 1992a). The tumbling action of the rotating kiln causes mixing

and exposure of the waste to the heat of combustion, thereby enhancing burnout. Solid

and semi-solid wastes are loaded into the top of the kiln by an auger or rotating screw.

Fluid and pumpable sludges and wastes are typically introduced into the kiln through a

water-cooled tube. Liquid hazardous waste is fed directly into the kiln through a burner

nozzle. Auxiliary fuel (natural gas or oil) is burned in the kiln chamber at start-up to reach

elevated temperatures. The typical heating value of hazardous waste (i.e., 8,000 Btu/kg) is

sufficient to sustain combustion without auxiliary fuel (U.S. EPA, 1 996h). The combustion

gases emanating from the kiln are passed through a high temperature afterburner chamber

to more completely destroy organic pollutants entrained in the flue gases. Rotary kilns can

be designed to operate at temperatures, as high as 2,580°C, but more commonly operate at

about 1,100°C.

Liquid Injection HWI: Liquid injection incinerators (Llls) are designed to burn liquid

hazardous waste. These wastes must be sufficiently fluid to pass through an atomizer for
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injection as droplets into the combustion chamber. The Llls consist of a refractory-lined

steel cylinder mounted either in a horizontal or vertical alignment. The combustion

chamber is equipped with one or more waste burners. Because of the rather large surface
v

area of the atomized dropletsrofjiquid hazardous waste, the droplets quickly vaporize. The

moisture evaporates, leaving'-a highly combustible mix of waste fumes and combustion air

(U.S. EPA, 1 996h). Secondary air is added to the combustion chamber to complete the

oxidation of the fume/air mixture.

Fixed Hearth HWI: Fixed hearths, the third principal hazardous waste incineration

technology, are starved air or pyrolytic incinerators, which are two-stage combustion units.
\ V.- \

Waste is ram-fed into the primary chamber and incinerated below stoichiometric

requirements (i.e., at about 50 to 80 percent of stoichiometric air requirements). The

resulting smoke and pyrolytic combustion products are then passed though a secondary

combustion chamber where relatively high temperatures are maintained by the combustion

of auxiliary fuel. Oxygen is introduced into the secondary chamber to promote complete

thermal oxidation of the organic molecules entrained in the gases.

Fluidized-bed HWI: The fourth hazardous waste incineration technology is the

fluidized-bed incinerator, which is similar in design to that used in MSW incineration. (See

Section 3.1.) In this configuration, a layer of sand is placed on the bottom of the

combustion chamber. The bed is preheated by underfire auxiliary fuel at startup. During

combustion of auxiliary fuel at start-up, the hot gases are channeled through the sand at

relatively high velocity, and the turbulent mixing of combustion gases and combustion air

causes the sand to become suspended (Buonicore, 1992a). This takes on the appearance

of a fluid medium, hence the incinerator is termed a 'fluidized bed' combustor The

incinerator is operated below the melting point temperature of the bed material. Typical

temperatures of the fluid medium are within the range of 650 to 940°C. A constraint on

the types of waste burned is that the solid waste particles must be capable of being

suspended within the furnace. When the liquid or solid waste is combusted in the fluid

medium, the exothermic reaction causes heat to be released into the upper portion of the

combustion chamber. The upper portion is typically much larger in volume than the lower

portion, and temperatures can reach 1,000°C (Buonicore, 1992a). This high temperature is

sufficient to combust volati l ized pollutants emanating from the combustion bed.
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3.2.2. APCDs for Dedicated Hazardous Waste Incinerators

Most HWIs use APCDs to remove undesirable components from the flue gases that

evolved during the combustion of the hazardous waste. These unwanted pollutants include

suspended ash particles ("particulafe matter" or PM), acid gases, metal, and organic
•Nr~^

pollutants. The APCD controls or cbHect-S these pollutants and reduces their discharge from

the incinerator stack to the atmosphere. Levels and kinds of these combustion byproducts

ere highly site-specif ic, depending on fac to rs such as waste composition and incinerator

system design and operating parameters (e.g., temperature and exhaust gas velocity). The

APCD is typically comprised of a series of different devices that work together to clean

the exhaust combustion flue gas. Unit operations usually include exhaust gas cooling,
' \ \ >followed by particulate matter and acid gas control.

Exhaust gas cooling may be achieved using a waste heat boiler or heat exchanger,

mixing with cool ambient air, or injection of a water spray into the exhaust gas. A variety

of different types of APCDs are employed for the removal of particulate matter and acid

gases. Such devices include: wet scrubbers (such as venturi, packed bed, and ionizing

systems), electrostatic precipitators, and fabric filters (sometimes used in combination with

dry acid gas scrubbing). In general, the control systems can be grouped into the following

three categories: "wet," "dry," and "hybrid wet/dry" systems. The controls for acid gases

(either dry or wet systems) cause temperatures to be reduced preceding the control device.

This impedes the extent of formation of CDDs and CDFs in the post-combustion area of the

typical HWI. It is not unusual for stack concentrations of CDD/CDFs at a particular HWI to

be in the range of 1- to 1 00-ng CDD/CDF/dscm (Helble, 1993), which is low in comparison

to other waste incineration systems. The range of total CDD/CDF flue gas concentrations

measured in the stack emissions of HWIs during trial burns across the class of HWI

facilit ies, however, has spanned four orders of magnitude (ranging from 0.1 to 1,600

ng/dscm) (Helble, 1993). The APCD systems are described below:

• Wet Systems: A wet scrubber is used for both particulate and acid gas control.

Typically, a venturi scrubber and packed-bed scrubber are used in a back-to-back

arrangement. Ionizing wet scrubbers, wet electrostatic precipitators, and innovative

venturi-type scrubbers may be used for more efficient particulate control. Wet

scrubbers generate a wet eff luent liquid wastestream (scrubber blowdown), are

relatively inefficient at fine particulate control compared to dry control techniques,
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and have equipment corrosion concerns. However, wet scrubbers do provide

efficient control of acid gases and have lower operating temperatures (compared

with dry systems), which may help control the emissions of volatile metals and

organic pollutants. V<-v

• Dry Systems: In dry-^systems, a fabric fi lter or electrostatic precipitator (ESP) is used

for particulate control. A fabric filter or ESP is frequently used in combination with

dry scrubbing for acid gas control. Dry scrubbing systems, in comparison with wet

scrubbing systems, are inefficient in controlling acid gases.

• Hybrid Systems: In hybrid systems, a dry technique (ESP or fabric filter) is used for

f particulate control, followed by a wet technique (wet scrubber) for acid gas control.
\ *• ^

Hybrid systems have the advantages of both wet and dry systems (lower operating

temperature for capture of volatile metals, efficient collection of fine particulate,

efficient capture of acid gases), while avoiding many of the individual

disadvantages. In some hybrid systems, known as "zero discharge systems," the

wet scrubber liquid is used in the dry scrubbing operation, thus minimizing the

amount of liquid byproduct waste.

• Uncontrolled HWIs: Facilities that do not use any air pollution control devices fall

under a separate and unique category. These are primarily liquid waste injection

facilities, which burn low ash and chlorine content wastes; therefore, they are low

emitters of PM and acid gases.

3.2.3. Estimation of CDD/CDF Emission Factors for Dedicated Hazardous Waste
Incinerators

For purposes of estimating emission factors, this document considers subdividing

the combustors in each source category into design classes judged to have similar potential

for CDD/CDF emissions. As explained below, it was decided not to subdivide dedicated

HWIs.

Combustion research has identified three mechanisms involved in the emission of

CDD/CDFs from combustion systems: (1) CDD/CDFs can be introduced into the combustor

with the feed and pass through the system not completely burned/destroyed; (2) CDD/CDFs

can be formed by chemical reactions inside the combustion chamber; and (3) CDD/CDFs

can be formed by chemical reactions outside the combustion chamber. The total CDD/CDF

emissions are likely to be the net result of all three mechanisms; however, the relative

3-17 April 1998



DRAFT-DO NOT QUOTE OR CITE

importance of the mechanisms can vary among source categories. In the case of HWIs, the

third mechanism (i.e., post-combustion formation) is likely to dominate, because HWIs are

typically operated at high temperatures and long residence times, and most have

sophsiticated real-time monitorigcj and controls to manage the combustion process.
\

Therefore, any CDD/CDFs present Ni the feed or formed during combustion are likely to be

destroyed before exiting the combustion chamber. Consequently, for purposes of

generating emission factors, it was decided not to subdivide this class on the basis of

furnace type.

Emissions resulting from the post-combustion formation in HWIs can be minimized

through a variety of technologies:
' , ̂

• Rapid Flue Gas Quenching: The use of wet and dry scrubbing devices to remove

acid gases usually results in the rapid reduction of flue gas temperatures at the inlet

to the PM APCD. If temperature is reduced below 200°C, the low-temperature

catalytic formation of CDD/CDFs is substantially retarded.

• Use of Particulate Matter (Pm) Air Pollution Control Devices: PM control devices can

effectively capture condensed and adsorbed CDD/CDFs that are associated with the

entrained particulate matter (in particular, that which is adsorbed on unburned

carbon containing particulates).

• Use of Activated Carbon: Activated carbon injection is used at some HWIs to

collect (sorb) CDD/CDFs from the flue gas. This may be achieved using carbon beds

or by injecting carbon and collecting it in a downstream PM APCD.

All of these approaches appear very effective in controlling dioxin emissions at

dedicated HWIs, and insufficient emissions data are available to generalize about any minor

differences. Consequently, for purposes of generating emission factors, it was decided not

to subdivide this class on the basis of APCD type.

EPA compiled a data base summarizing the results of stack testing for CDDs and

CDFs at 17 HWIs (U.S. EPA, 1996c). Most facilities were tested between 1993 and

1996. For purposes of this report, CDD/CDF emission factors were estimated based on

the results of the emission tests contained in this data base. The breakdown of furnace

types of tested HWI faci l i t ies is as fol lows: 10 rotary kiln incinerators, 4 liquid injection

incinerators, 1 fluidized-bed incinerator, and 2 f ixed-bed.
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As stated earlier, EPA/ORD decided not to subclassify the dedicated HWI designs for

purposes of deriving an emission factor (EF). Instead, the EF was derived as an average

across all 17 tested facilties. First, an average emission factor was calculated for each of

1 7 HWIs with Equation 3-3V,-.*,

C x F
(Eqn. 3-3)

Where:

E^hwi = Emission factor (average ng TEQ per kg of waste burned).
C = TEQ or CDD/CDF concentration in flue gases (ng TEQ/dscm) (20°C, 1

atm; adjusted to 7% O2).
Fv = Volumetric flue gas flow rate (dscm/hr) (20°C, 1 atm; adjusted to 7%

02).
lw = Average waste incineration rate (kg/hr).

After developing average emission factors for each HWI, the overall average congener-

specific emission factor was derived for all 17 tested HWIs using Equation 3-4.

ovgHWa,^u L ( ^//w, + E^HWi; + £FHWJ ^Hwi ) (Eqn. 3-4)

Where:
EFHWI = Average emission factor of 18 tested MWIs ng/kg

Table 3-6 presents the average emission factors developed for specific congeners, total

CDDs/CDFs, and TEQs for operating HWIs. The average congener emission profiles for the

1 7 HWIs are presented in Figure 3-10. The average TEQ emission factor for the 1 7 tested

HWIs is 3.8-ng TEQ/kg of waste feed (assuming not detected values are zero).

3.2.4. Emission Estimates for Dedicated Hazardous Waste Incinerators

Although emissions data on a relatively high number of dedicated HWIs were

available (i.e., 1 7 of 162 have been tested), the emission factor estimate is assigned a

"medium" confidence rating due to uncertainties resulting from:

» Extreme heterogeneity of the waste feeds. The physical and chemical composition
of the waste can vary from facility to faci l i ty and even within a facility.
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Consequently, CDD/CDF emissions measured for one feed may not be representative:
of other feeds.

• Trial burns. Much of the CDD/CDF emissions data were collected during trial burns,
which are required as part of the RCRA permitting process and are used to establish
Destruction Rated Efficiency*^ principal hazardous organic constituents in the
waste. During trial burns>a prototype waste is burned, which is intended to
maximize the difficulty in achieving good combustion. For example, chlorine,
metals, and organics may be added to the waste. The HWI may also be operated
outside normal operating conditions. The temperature of both the furnace and the
APCD may vary by a wide margin (high and low temperatures), and the waste feed
system may be increased to maximum design load. Accordingly, it is uncertain how
representative the CDD/CDF emissions measured during the trial burn will be of
emissions during normal operating conditions.

t ^

Dempsey and Oppelt (1993) estimated that up to 1,3-million metric tons of

hazardous waste were combusted in dedicated HWIs during 1987. The best estimate of

the amount of hazardous waste combusted in 1995 is 1.5-million metric tons (Federal

Register, 1996b). The activity level estimate for 1995 is assigned a "high" confidence

rating, because it is based on a thorough review of the various studies and surveys

conducted in the 1990s to assess the quantity and types of hazardous wastes being

managed by various treatment, storage, and disposal facilities. A confidence rating of

"medium" is assigned to the activity level estimate for 1 987.

The annual TEQ emissions for the reference years 1995 and 1987 were estimated

using Equation 3-5.

- 3-5)

Where:

Annual emissions from all HWIs, tested and non-tested (g TEQ/yr)
Mean emission factor for HWIs (ng TEQ/kg. of waste burned)
Annual activity level of all operating HWIs (million metric tons/yr)

Applying the average emission factor for dedicated HWIs (3.8-ng TEQ/kg waste) to

these production estimates yields estimated emissions of 5.7-g TEQ in 1995 and 5.0-g TEQ

in 1987 for HWIs. The "medium" confidence rating assigned to the emission factor,

combined with the high confidence rating for the 1995 act ivi ty level and medium
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confidence rating for the 1987 activity level, yields an overall medium confidence rating for

both years. Accordingly, the estimated range of annual emissions is assumed to vary by a

factor of five between the low and high ends of the range. For 1 995, the range of TEQ
;

emissions is estimated to be^2...6- to 1 2.8:g TEQ/yr. For 1 987, the range of TEQ emissions

is estimated to be 2.2- to t\2-g TEQ/yr.

EPA/OSW has also developed estimates of the CDD/CDF emissions from dedicated

HWIs as part of the development of the Hazardous Waste Incineration Rule (U.S. EPA,

1 997d). Like ORD, OSW also decided not to subdivide the dedicated HWIs on the basis of

design. Instead of an emission factor approach, OSW used an imputation method to

estimate emissions at untested facilites. This procedure involved randomly selecting
' \ I-'

measured CDD/CDF flue gas concentrations (ng/dscm) from the pool of tested HWI

facilities and assigning them to the untested facilites. With this procedure, all non-tested

HWIs have an equal chance of being assigned any flue gas concentration from the pool of

measured values. The flue gas concentrations were combined with flue gas flow rates for

each facility to estimate the emission rate. A key difference in these approaches is that

ORD uses waste feed rate directly in the calculation of emissions and the OSW approach is

independent of waste feed rate. Both procedures are reasonable ways to deal with the

broad range of uncertainties and both yield similar emission estimates. ORD has not

identified any inherent advantage of one approach over the other and elected to use the

emission factor approach primarily because it is consistent with the methods used in this

document to characterize CDD/CDF emissions from all other source categories.

3.2.5. Industrial Boilers and Furnaces Burning Hazardous Waste

In 1 991, EPA established rules that allow the combustion of some liquid hazardous

waste in industrial boilers and furnaces (Federal Register, 1991c). These facilities typically

burn oil or coal for the primary purpose of generating electricity. Liquid hazardous waste

can only be burned as supplemental (auxil iary) fuel, and usage is limited by the rule to no

more than 5 percent of the primary fuels. These facilities typically use an atomizer to inject

the waste as droplets into the combustion chamber and are equipped with particulate and

acid gas emission controls. In general, they are sophisticated, well controlled facilit ies,

which achieve good combustion.

The national data base contains congener-specific emission concentrations for two

tested boilers burning liquid hazardous waste as supplemental fuel. The average congener
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and congener group emission profiles for the industrial boiler data set are presented in

Figure 3-1 1. The average congener and TEQ emission factors are presented in Table 3-6.

The limited set of emissions data prevented subdividing this class for the purpose of

deriving an emission factor. The .equation used to derive the emission factor is the same as

Equation 3-4 above. The average TE\) emission factor for the two industrial boilers is 0.64-
>

ng TEQ/kg of waste feed. This emission factor is assigned a "low" confidence rating,

because it reflects testing at only 2 of the 136 hazardous waste boilers/furnaces.

Dempsey and Oppelt (1993) estimated that approximately 1.2-billion kg of

hazardous waste were combusted in industrial boilers/furnaces in 1987. EPA estimates

that in 1995 approximately 0.6-billion kg of hazardous waste were combusted in industrial

boilers/furnaces (Federal Register, 1996b). The activity^level estimate for 1995 is assigned

a "high" confidence rating, because it is based on a thorough review of the various studies

and surveys conducted in the 1990s to assess the quantity and types of hazardous wastes

being managed by various treatment, storage, and disposal facilities (Federal Register,

1996b). A confidence rating of "medium" is assigned to the estimated activity level for

1987. The 1987 estimate was largely based on a review of State permits (Dempsey and

Oppelt, 1993).

Equation 3-5, used to calculate annual TEQ emissions for dedicated HWIs. was also

used to calculate annual TEQ emissions for industrial boilers/furnaces. Multiplying the

average TEQ emission factor of 0.64-ng TEQ/kg of waste feed by the total estimated kg of

liquid hazardous waste burned in 1995 and 1987 yields the annual emissions in g TEQ/yr.

From this procedure, the emissions from all industrial boilers/furnaces burning hazardous

waste as supplemental fuel are estimated as 0.38-g TEQ/yr in 1995 and 0.77-g TEQ/yr in

1987. Because of the low confidence rating for the emission factor, the overall confidence

rating is low for both the 1987 and 1995 emission estimates. Accordingly, it is assumed

that the uncertainty range around the best estimate varies by a factor of 10 between the

low and high ends of the range. Thus, the uncertainty ranges are 0.1 2- to 1,2-g TEQ/yr for

1 995 and 0.24- to 2.4-g TEQ/yr for 1 987.

3.3. MEDICAL WASTE INCINERATION

Medical waste incineration (MWI) is the controlled burning of solid wastes generated

primarily by hospitals, veterinary, and medical research faci l i t ies. The U.S. EPA defines

medical waste as any solid waste generated in the treatment, diagnosis, or immunization of
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humans or animals, or research pertaining thereto, or in the production or testing of

biologicals (Federal Register, 1997b). The primary purposes of MWI are to reduce the

volume and mass of waste in need of land disposal, and to sterilize the infectious materials.
i

The following subsections review the basic types of MWI designs used to incinerate
.-*:. -̂medical waste, review the distribution of APCDs used on MWIs, summarize the derivation

of dioxin TEQ emission factors for MWIs, and summarize the national dioxin TEQ emission

estimates for reference years 1995 and 1987.

3.3.1. Design Types of MWIs Operating in the United States

f For purposes of this document, EPA has classified MWIs into three broad technology

categories: modular furnaces using controlled-air, modular furnaces using excess-air, and

rotary kilns. Of the MWIs in use today, the vast majority are believed to be modular

furnaces using controlled-air. EPA has estimated that 97 percent are modular furnaces

using controlled-air, 2 percent are modular furnaces using excess air, and 1 percent are

rotary kiln combustors (U.S. EPA, 1997b).

Modular Furnaces Using Controlled-air: Modular furnaces have two separate

combustion chambers mounted in series (one on top of the other). The lower chamber is

where the primary combustion of the medical waste occurs. Medical waste is ram-fed into

the primary chamber, and underfire air is delivered beneath the incinerator hearth to sustain

good burning of the waste. The primary combustion chamber is operated at below

stoichiometric levels, hence the terms "controlled" or "starved-air." With sub-

stoichiometric conditions, combustion occurs at relatively low temperatures (i.e., 760 to

985°C). Under the conditions of low oxygen and low temperatures, partial pyrolysis of the

waste occurs, and volatile compounds are released.. The combustion gases pass into a

second chamber. Auxiliary fuel (such as natural gas) is burned to sustain elevated

temperatures (i.e., 985 to 1,095'C) in this secondary chamber. The net ef fect of exposing

the combustion gases to an elevated temperature is more complete destruction the organic

contaminants entrained in the combustion gases emanating from the primary combustion

chamber. Combustion air at 100 to 300 percent in excess of stoichiometric requirement is

usually added to the secondary chamber. Gases exiting the secondary chamber are

directed to an incinerator stack (U.S. EPA, 1997b; U.S. EPA, 1991d; Buonicore, 1992b).

Figure 3-12 displays a schematic of a typical modular furnace using controlled-air. Because

of their low cost and good combustion performance, this design has been the most popular
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choice for MWis and has accounted for more than 95 percent of systems installed over the

past two decades (U.S. EPA, 1 990d; U.S. EPA, 1991d; Buonicore, 1992b).

Modular Furnaces Using Excess-air: These systems use the same modular furnace

configuration as described above^for.the controlled air systems. The difference is that the
•""r''* " \ v

primary combustion chamber is Operated at air levels of 100 percent to 300 percent in

excess of stoichiometric requirements. Hence the name "excess-air." A secondary

chamber is located on top of the primary unit. Auxiliary fuel is added to sustain high

temperatures in an excess-air environment. Excess-air MWIs are typically smaller in

capacity than controlled-air units and are usually batch-fed operations. This means that the

medical waste is ram-fed into the unit and allowed to burn completely before another batch
\ V . <

of medical waste is added to the primary combustion chamber.

Rotary Kiln MWI: This technology is similar in terms of design and operational

features to the rotary kiln technology employed in both municipal and hazardous waste

incineration. (See description in Section 3.1.) Because of their relatively high capital and

operating costs, few rotary kiln incinerators are in operation for medical waste treatment

(U.S. EPA, 1990d; U.S. EPA, 1991d; Buonicore, 1992b).

MWIs can be operated in three modes: batch, intermittent, and continuous. Batch

incinerators burn a single load of waste, typically only once per day. Waste is loaded, and

ashes are removed manually. Intermittent incinerators, loaded continuously and frequently

with small waste batches, operate less than 24 hours per day, usually on a shift-type basis.

Either manual or automated charging systems can be used, but the incinerator must be shut

down for ash removal. Continuous incinerators are operated 24 hours per day and use

automatic charging systems to charge waste into the unit in small, frequent batches. All

continuous incinerators operate using a mechanism to automatically remove the ash from

the incinerator (U.S. EPA, 1 990d; U.S. EPA, 1991d).

3.3.2. Characterization of MWIs for Reference Years 1995 and 1987

MWI remains a poorly characterized industry in the United States in terms of

knowing the exact number of facilities operational over time, the types of APCDs installed

on these units, and the aggregate volume and weight of medical waste that is combusted

in any given year (U.S. EPA, 1997b). The primary reason for this is that permits were not

generally required for the control of pollutant stack emissions from MWIs until the early

1990s when State regulatory agencies began setting limits on emissions of particulate
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matter and other contaminants (Federal Register, 1997b). Prior to that timeframe, only

opacity was controlled.

The information available to characterize MWIs comes from national telephone

surveys, stack emission perrrfitsXand data gathered by EPA during public hearings (Federal
-*-N v

Register, 1997b). This information suggests the following:

The number of MWIs in operation was approximately 5,000 in 1987 (U.S. EPA,
1987) and 2,375 in 1995 (Federal Register, 1997b).

The amount of medical waste combusted annually in the United States was
approximately 1.43-billion kg in 1 987 (U.S. EPA, 1 987d) and 0.77-billion kg in 1 995
(Federal Register, 1997b). * ^

These estimates indicate that, between 1987 and 1995, the total number of operating

MWIs and the total amount of waste combusted decreased by more than 50 percent.

Certain activities caused this to occur, including more stringent air pollution control

requirements by State regulatory agencies and the development of less expensive medical

waste treatment technologies, such as autoclaving (Federal Register, 1997b). Because

many MWIs have small waste charging capacity (i.e., about 50 metric tons per day), the

installation of even elementary APCDs proved not to be cost effective. Thus, a large

number of facilities elected to close rather than retrofit.

The actual controls used on MWIs on a facility-by-facility basis in 1987 are

unknown, and EPA generally assumes that MWIs were mostly uncontrolled (U.S.

EPA,1987d). However, the modular design does cause some destruction of organic

pollutants within the secondary combustion chamber. Residence time within the secondary

chamber is key to inducing the thermal destruction of the organic compounds. Residence

time is the time that the organic compounds entrained within the flue gases are exposed to

elevated temperatures in the secondary chamber. EPA has demonstrated with full-scale

MWIs that increasing residence time from 1/4 second to 2 seconds in the secondary

chamber can reduce organic pollutant emissions, including CDD/CDFs, by up to 90 percent

(Federal Register, 1997b). In this regard, residence time can be viewed as a method of air

pollution control.

EPA estimates that about two-thirds of medical waste burned in MWIs in 1995 went

to faci l i t ies equipped with some method of air pollution control (Federal Register, 1997b).

The types of APCDs installed and the methods used on MWIs include: dry sorbent injection,
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fabric filters, electrostatic precipitators (ESPs), wet scrubbers, and fabric fi l ters combined

with packed-bed scrubbers (composed of granular activated carbon). Some organic

constituents in the flue gases can be adsorbed by the packed bed. Within the uncontrolled

class of MWIs, about 12 percental the waste were combusted in facilities with design

capacities of <200 Ibs/hr, with'1 the'"majority of waste burned facilities > 200 Ib/hr. The

estimated breakdown of controlled facilities is: 70 percent of the aggregate activity level

are associated with facilities equipped with either wet scrubbers, fabric filters, or ESPs;

29.9 percent are associated with facilities utilizing dry sorbent injection, combined with

fabric filters, and less than 1 percent is associated with facilities having the fabric

filter/packed-bed APCD (AHA, 1995; Federal Register, 1997b).

3.3.3. Estimation of CDD/CDF Emissions From MWIs

Only 1 percent of existing facilities (i.e., 24 MWIs) has been stack sampled for

CDD/CDFs. Consequently, most facilities have unmeasured emission levels of dioxin-like

compounds. Because so few have been evaluated, the estimation of annual air emissions

of CDD/CDFs from MWIs is quite dependent on extrapolations, engineering judgement, and

the use of assumptions. In addition, the information about the activity levels of these

facilities is also quite limited. With these data limitations, two approaches have been used

in the past to estimate CDD/CDF emissions from MWIs, and a third is proposed here.

These three approaches are as follows:

1 . EPA/OAQPS Approach: EPA's Office of Air Quality Planning and

Standards used this approach in support of the promulgation of final
air emission standards for hospital/medical/infectious waste
incinerators (Federal Register, 1997b).

2. AHA Approach: The American Hospital Association proposed an approach in
its comments on drafts of this document and on the proposed MWI emissions
regulations (AHA, 1995).

3. EPA/ORD Approach: In preparation of this document, EPA's Office of
Research and Development (ORD) has developed a third approach.

Given the limitations with existing information, both the EPA/OAQPS and AHA approaches

are reasonable methods for calculating annual releases of CDD/CDFs from MWIs. Both

methods relied heavily on a series of assumptions to account for missing information. In

developing a third approach, EPA/ORD built upon the other two approaches by utilizing the
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most logical features of each. Because of the uncertainties with existing data, it is

currently not known which approach gives the most accurate estimate of CDD/CDF air

emissions from all MWIs, nationwide. The three approaches yield different air emission

estimates, but the estimates^) agree within a factor of four. As discussed below, the

EPA/ORD approach used tfi'e,strfehgths of the other two approaches, and represents some

improvement in estimating CDD/CDF emissions.

3.3.4. EPA/OAQPS Approach for Estimating CDD/CDF Emissions from MWIs

On September 1 5, 1 997, EPA promulgated final standards of performance for new

and existing MWIs under the Clean Air Act Amendments (Federal Register, 1997b).
\ U

CDD/CDF stack emission limits for existing MWIs were established as follows: 125

ng/dscm of total CDD/CDF (at 7 percent 02, 1 atm), equivalent to 2.3 ng/dscm TEQ. In

order to evaluate emissions reductions that will be achieved by the standard, OAQPS

estimated, as a baseline for comparison, nationwide annual CDD/CDF emissions from all

MWIs operating in 1995.

3.3.4.1. EPA/OA QPS Approach for Es tima ting A c tivity L e vel

As a starting point for deriving the national estimates, OAQPS constructed an

inventory of the numbers and types of MWIs believed to be operating in 1995. The

inventory was based on an inventory of 2,233 MWIs prepared by the American Hospital

Association (AHA, 1995), supplemented with additional information compiled by EPA. This

created a listing of 2,375 MWIs in the United States. Next a series of assumptions were

used to derive activity level estimates, as follows:

1. The analysis divided MWIs into three design types based on the mode of
daily operation: batch, intermittent, and continuous. This was done using the
information from the inventory on design-rated annual incineration capacity of
each facility. The smaller capacity units were assumed to be batch
operations, and the others were classified as either intermittent or
continuous, assuming a ratio of three to one.

2. The activity level of each facility was estimated by multiplying the design-
rated annual incineration capacity of the MWI (kg/hr) by the hours of
operation (hr/yr). The annual hours of operation were determined by
assuming a capacity factor (defined as the fraction of time that a unit
operates over the year) for each design type of MWI (Randall, 1995). Table
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3-7 is a summary of the OAQPS estimated annual operating hours per MWI
design type.

3.3.4.2. EPA/OAQPS Approach for Estimating CDD/CDF Emission Factors
V-.,w

Based on information obtained from AHA and State regulatory agencies, one-third of
•\

the population of MWIs operating'in 1995 was etimated to have had no APCDs (i.e., were

uncontrolled), and two-thirds had some type of APCD. CDD/CDF TEQ emission factors

were then developed for uncontrolled and controlled MWIs. The procedure was as follows:

Estimating TEQ Emission Factors for Uncontrolled Facilities: The uncontrolled

category of facilities was subdivided by residence time of the secondary combustion

chamber. Based on tests at three MWIs, OAQPS conalutie'd that stack emissions of

CDD/CDFs from uncontrolled facilities were dependent on the residence time (i.e., the

duration of time the compounds are exposed to elevated temperatures within the secondary

combustion chamber) (Strong, 1996). The tests demonstrated that when the residence

time in the secondary chamber was short (i.e., < 1 sec), the stack emissions of

CDDC/CDFs would increase; conversely, the longer the residence time (i.e., > 1 sec), the

CDD/CDF emissions decrease. The emissions testing at these MWIs provided the basis for

the derivation of CDD/CDF TEQ emission factors for residence times of 1/4-sec, 1-sec and

2-sec. Table 3-8 is a summary of the emission factors developed for each MWI type as a

function of residence time.

The OAQPS inventory of MWIs in 1995 did not provide residence times for each

facility. OAQPS overcame this data gap by assuming that residence time in the secondary

combustion chamber approximately corresponds with the particulate. matter (PM) stack

emission limits established in State air permits. This approach assumed that the more

stringent PM emission limits would require longer residence times in the secondary chamber

in order to further oxidize carbonaceous soot particles and reduce PM emissions. Table 3-8

lists the assumed residence times in the secondary chamber corresponding to various State

PM emission limits. State Implementation Plans (SIPs) were reviewed to determine the PM

emission limits for incinerators, and from this review, both a residence time and a TEQ

emission factor were assigned to each uncontrolled MWI on the.inventory.

Estimating TEQ Emission Factors for Controlled MWIs: Two-thirds of the MWI

population were assumed to have some form of APCD. As previously discussed, APCDs

typically used by MWIs consist of one or more of the following: wet scrubber, dry scrubber,
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and fabric filter combined with a packed bed. The EPA/OAQPS approach also included the

addition of activated carbon to the flue gases as a means of emissions control (i.e., dry

scrubbers combined with carbon injection). TEQ emission factors were developed for these
i

control systems based on incinerator emissions testing data gathered in support of the

regulations (U.S. EPA, 1 99'7'bJ. "Because the inventory did not list the APCDs for all MVVIs,

State requirements for PM control were used to make assumptions about the type of APCD

installed on each facility in the inventory. These assumptions are summarized in Table 3-9.

3.3.4.3. EPA/OAQPS Approach for Estimating Nationwide CDD/CDF TEQ Air
Emissions

\ \ , \
Annual TEQ emissions for each MWI facility were calculated as a function of the

design capacity of the incinerator, the annual waste charging hours, the capacity factor,

and the TEQ emission factor as shown in Equation 3-6.

H X C, ) x F^Q (Eqn. 3.6)

Where:

wi ~ Annual MWI CDD/F TEQ stack emissions (g/yr)
C = MWI design capacity (kg/hr)
H = Annual medical waste charging hours (hr/yr)

C, = Capacity factor (unitless)
FTEQ = CDD/CDF TEQ emission factor (g TEQ/kg)

The annual TEQ air emission of all MWIs operating in 1995 is the sum of the annual

emissions of each of the individual MWIs. The following equation is applied to estimate

annual TEQ emissions from all MWIs.

Em^natiomvide) -- ( Emmw^ ) + ( Em^ ) + . . . . . . . ( Emmw.^ ) ,Eqn. 3.7,

Where:

Em -(nationwide) = Nationwide MWI TEQ emissions (g/yr)
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Table 3-9 is a summary of annual CDD/CDF TEQ emissions for 1995 estimated using the

EPA/OAQPS Approach.

3.3.5. AHA Approach for Estirtj^ting CDD/CDF Emissions from MWIs

In 1995, the American Hospital Association (AHA) submitted written comments to

EPA in response to EPA's request for public comment of the 1994 draft public release of

this document (AHA, 1995). As part of these comments, the AHA attached an analysis of

CDD/CDF emissions from MWIs prepared by Doucet (1 995) for the AHA. Doucet (1 995)

estimated the total number of MWIs operating in 1995, the distribution of APCDs,

CDD/CDF TEQ emission factors, and the nationwide TEQ emissions. The following is a
' \ V^

brief discussion of the AHA inventory and the Doucet (1995) analysis.

From a national telephone survey of member hospitals conducted between

September and November 1994, the AHA developed what is generally considered as the

first attempt to systematically inventory MWIs in the United States, Approximately 6

percent of the hospitals with MWIs were contacted (AHA,1997). The AHA survey showed

that, as of December, 1994, 2,233 facilities were in operation. Doucet (1995) subdivided

the AHA MWI inventory into two uncontrolled categories on the basis of combustor design-

rated capacity and two controlled categories on the basis of APCD equipment. Doucet

(1995) then developed CDD/CDF emission factors for each category of MWIs. Test reports

of 19 MWIs were collected and evaluated. Average CDD/CDF TEQ flue gas concentrations

(i.e., ng/dscm @7 percent 02) were derived by combining tests from several MWIs in each

capacity range category and APCD. The average TEQ flue gas concentrations were then

converted to average TEQ emission factors, which were in units of Ib TEQ/106 Ibs of

medical waste incinerated (equation for conversion not given). Table 3-10 is a summary of

TEQ emission factors calculated by Doucet (1995) for each level of assumed APCDs on

MWIs.

Similar to the EPA/OAQPS Approach (Section 3.3.4), the distribution of the APCD

categories was derived by assuming that State particulate emission (PM) limits would

indicate the APCD on any individual MWI (Doucet, 1995). Table 3-1 1 displays the AHA

assumptions of air pollution control (APC) utilized on MWIs based upon PM emission limits.

With the activity levels, the percent distribution of levels of controls, and the

CDD/CDF TEQ emission factors having been calculated with existing data, the final step of

the AHA Approach was the estimation of annual TEQ emissions (g/yr) from MWIs,
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nationwide. Although no equation is given, it is presumed that the emissions were

estimated by multiplying the activity level for each MWI size and APCD category by the

associated TEQ emission factor . The sum of these calculations for each designated class

yields the estimated annuarVTEQ emissions for all MWIs, nationwide. Doucet (1995)•v,..,
indicates that these computations are appropriate for TEQ emissions in 1 995. Table 3-1 2

summarizes the nationwide annual TEQ emissions from MWIs using the AHA Approach.

3.3.6. EPA/ORD Approach for Estimating CDD/CDF Emissions from MWIs

Because of limitations in emissions data and on activity levels, the EPA/ORD

approach used many of the logical assumptions developed in the EPA/OAQPS and AHA
t \ \: \

approaches. 1 he discussion below describes the rationale for how these decisions were

made, and presents the resulting emission estimates.

3.3.6.1. EPA/ORD Approach for Classifying MWIs and Estimating Activity Levels

As with the EPA/OAQPS and AHA approaches, the EPA/ORD approach divided the

MWIs into controlled and uncontrolled classes. The decisions about further dividing the;se

two classes are described below:

Uncontrolled MWIs: For purposes of assigning CDD/CDF emission factors and

activity levels to the uncontrolled class of MWIs, the EPA/OAQPS approach divided this

class on the basis of residence time within the secondary combustion chamber. This

approach has theoretical appeal, because it is logical to expect more complete combustion

of CDD/CDFs with longer residence times at high temperatures. Unfortunately, the

residence times on a faci l i ty-by-faci l i ty basis are not known, making it difficult to assign

emission factors and activity levels on this basis. As discussed earlier, the EPA/OAQPS

approach assumed that residence time would strongly correlate with State PM stack

emission requirements (i.e., the more stringent the PM requirements, the longer the

residence time required to meet the standard). This PM method for estimating residence

time resulted in the following distribution of residence times: 6 percent of the waste

incinerated at MWIs with 1/4-sec residence time; 26 percent of the waste incinerated at

MWIs with 1-sec residence time; and 68 percent of the waste incinerated at MWIs with 2-

sec residence time. Thus, about two-thirds of the activity level within the uncontrolled

class were assumed in the EPA/OAQPS approach to be associated with facilities with the

longest residence time and the lowest CDD/CDF emission factor.

3-31 April 1998



DRAFT-DO NOT QUOTE OR CITE

The AHA approach subcategorized the uncontrolled class on the basis of design-

rated capacity. There is also theoretical support for this approach. Smaller capacity

operations (i.e., <200 Ib/hr) are likely to have higher emissions, because they are more

likely to be operating in a batch ntp,de. The batch mode results in infrequent operation with

more start-up and shut-down cyctes. '-iThus, the batch-operated MWI usually spends more

time outside of the ideal range of operating conditions. In support of this approach, the

AHA presented limited empirical evidence indicating that CDD/CDF emission factors

calculated from emission test reports for the low capacity units were about a factor of two

higher than the emission factors for the high capacity units (Doucet, 1995).

Thus, both the EPA/OAQPS and AHA approaches have a sound theoretical basis but
g

lack strong supporting data. In order to decide which of the two approaches to use, ORD

first tested the assumption that there is a strong relationship between State PM

requirements and residence time. ORD conducted a limited telephone survey of regulatory

agencies in four States where a large number of MWI facilities were in operation: Michigan,

Massachusetts, New Jersey, and Virginia (O'Rourke, 1996). The results of the limited

survey, summarized in Table 3-1 3, did not verify the existence of a strong dependent

relationship between PM emission limits and residence time in the secondary chamber at

MWIs.

Next, the available emission testing data for small and high capacity units (i.e., less

than and greater than 200 Ib/hr) were evaluated to determine if, as posited in the AHA

approach, smaller capacity units have greater emission factors than large capacity units.

This evaluation indicated a distinct difference in the emission factors between the two

capacity categories, although the difference in the set of data evaluated was not as great

as the difference observed in the data set evaluated in the AHA approach. The EPA/ORD

approach, therefore, adopted the subcategorization scheme used in the AHA approach.

Controlled MWIs: Both the EPA/OAQPS approach and the AHA approach

subcategorized the controlled MWIs on the basis of APCD equipment. However, the two

approaches differed in the subcategories developed. The AHA approach divided the

controlled class into two groups: facilities equipped with wet scrubbers (alone, with an

ESP, or with a fabric filter), and facilities equipped with dry sorbent injector and a fabric

filter (Doucet, 1995). The EPA/OAQPS approach divided the controlled class into three

groups: facilities equipped with wet scrubbers, facilities equipped with dry scrubbers (with

or without carbon injection), and facil it ies equipped with fabric f i l ters and packed bed
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scrubbers. This third category is comprised of a few facilities primarily located in the

Northeast United States (O'Rourke, 1996). The EPA/ORD approach adopted the two

subcategories of the AHA approach and the third subcategory of the EPA/OAQPS

approach. For 1 995, ORD used the activity levels for each facility as determined by the
V,-,

EPA/OAQPS inventory; the actjvity\.evels were then summed across facilities for each
•̂

APCD subclass.

For 1987, therEPA/ORD approach assumed that every MWI was uncontrolled on the

basis of a EPA study of MWI incineration conducted at that time (U.S. EPA, 1987d). This;

study indicates that MWIs operating in 1 987 did not need controls, because they were not

subject to State or Federal limits on either PM or organic pollutant emissions. The activity

level estimates were derived from additional EPA studtesHU.S. EPA, 1987d). This approach

resulted in the following activity level assumptions for 1987: (a) 1 5 percent of the activity

level (i.e., 0.2-billion kg medical waste) were incinerated/yr by MWIs with capacities less

than or equal to 200 Ib/hr, and (b) 85 percent of the activity level (i.e., 1-billion kg/yr) were

incinerated by facilities with capacities greater than 200 Ib/hr.

3.3.6.2. EPA/ORD Approach for Estimating CDD/CDF Emission Factors

EPA/ORD collected the engineering reports of 24 tested MWIs. After reviewing

these test reports, 1 9 met the criteria for acceptability. (See Section 3.1.3 for further

details on the criteria.) In some cases, CDD/CDF congener-specific data were not reported,

or values were missing. In other cases, the protocols used in the laboratory analysis were

not described; therefore, no determination of the adequacy of the laboratory methods could

be made.

The EPA stack testing method (EPA Method 23) produces a measurement of

CDD/CDFs in units of mass concentration (i.e., nanograms per dry standard cubic meter of

combustion gas (ng/dscm)) at standard temperature and pressure and one atmosphere and

adjusted to a measurement of 7 percent oxygen in the flue gas (U.S. EPA, 1995b). This

concentration is assumed to represent conditions at the point of release from the stack into

the air, and to be representative of routine emissions. The emission factors were derived

by averaging'the emission fac to rs across each tested facil i ty in a design class. The emission

factor for each tested MWIs was calculated using the following equation:
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C x F
(Eqn. 3-8}

Where: \ *

EFmwi =f Emission Factor per MWI (average ng TEQ per kg of medical
waste burned).

C = Average TEQ concentration in flue gases of tested MWIs (ng
TEQ/dscm) (20°C, 1 atm; adjusted to 7% 02).

Fv = Average volumetric flue gas flow rate (dscm/hr) (20°C, 1 atm;
adjusted to 7% 02).

f lw = Average medical waste incineration rate of the tested MWI
(kg/hr).

The emission factor estimate for each design class and the number of stack tests used to

derive it are shown in Table 3-14. Figures 3-12 and 3-13 present congener and congener

j group profiles for air emissions from MWIs lacking APCDs and for MWIs equipped with a
i

wet scrubber/baghouse/fabric filter APCD system, respectively.

3.3.7. Summary of CDD/CDF Emissions From MWIs

Because the stack emissions from so few facilities have been tested (i.e., 1 9 test

reports) relative to the number of facilities in this industry (i.e., 2,375 facilities in 1995 and

5,000 facilities in 1987) and because several tested facilities are no longer in operation or

have installed new APCD after testing, the EPA/ORD approach did not calculate nationwide

CDD/CDF emissions by calculating emissions from the tested facilities and adding those to

calculated emissions for the non-tested facilities. Rather, the EPA/ORD approach (as well

as the EPA/OAQPS and AHA approaches) calculated nationwide CDD/CDF emissions by

multiplying the emission factor and activity level developed for each design class and then

summing the calculated emissions for all classes. Tables 3-14 and 3-15 summarize the

resulting national TEQ air emissions for the reference years 1995 and 1987, respectively.

In addition, the Tables indicate the activity level and the TEQ emission factor used in

estimating annual TEQ emissions.

In estimating annual TEQ emissions in both reference years, a "low" confidence

rating was assigned to the estimate of the activity level. The primary reason for the low

confidence rating is that very limited information is available on a facil ity level basis for

characterizing MWIs in terms of the frequency and duration of operation, the actual waste:
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volume handled, and the level of pollution control. The 1987 inventory of facilities was

based on very limited information. Although the 1995 EPA/OAQPS inventory was more

comprehensive than the 1987 inventory, it was still based on a fairly limited survey of

operating facilities (i.e., approximately 6 percent).

The emission factore''sjirrtetes were given a "low" confidence rating, because only

the reports of 1 9 tested MWI facilit ies could be used to derive emissions factors

representing the 2;375 facilities operating in 1995 (i.e., less than 1 percent of estimated

number of operating facilities). Even fewer tested facilities could be used to represent the

larger number of facilities operating in 1987 (i.e., 8 tested facilities were used to represent

5,000 faci l i t ies). The limited emission tests available do cover all design categories used
f y L\

here to develop emission factors. However, because of the large number of facilities in

each of these classes, it is very uncertain whether the few tested facilities in each class

capture the true variability in emissions.

• Reference Year 1995: Based on the low confidence ratings for both the activity

level and the emission factor, the estimated range of potential annual TEQ emissions

from MWIs in 1995 is assumed to vary by a factor of 10 (between the low and high

ends of the range). From Table 3-14, the central'estimate of TEQ emissions in 1995

is estimated to be 477 g/yr, with a range of 151 to 1,510 g TEQ/yr.

• Reference Year 1987: Based on the low confidence ratings for both the activity level

and the emission factor, the estimated range of potential annual TEQ emissions from

MWIs in 1987 is assumed to vary by a factor of 10 (between the low and high ends

of the range). From Table 3-15, the central estimate of TEQ emissions in 1 987 is

estimated to be 2,470 g/yr, with a range of 781- to 7,810-g TEQ/yr.

As explained above, the EPA/ORD approach to estimating national CDD/CDF TEQ

emissions is a 'hybridization' of the EPA/OAQPS and AHA approaches. Table 3-16

compares the main features of each of the three approaches. The 1995 TEQ emissions

estimated here (477-g TEQ/yr) are about 3.5 times higher than those of OAQPS and AHA

(141 - and 1 38-g TEQ/y, respectively). Most of this difference is due to differences in the

emission estimates for the uncontrolled facilities (ORD - 436-g TEQ/yr, OAQPS - 136-g
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TEQ/yr, AHA - 1 20-g TEQ/yr). An analysis of the differences in how these groups

estimated emissions from the uncontrolled facilities are presented below:

e> Differences between the EteA/DRD and AHA Approaches: The ORD approach

adopted the classification scheVne of the AHA approach for the uncontrolled class

and assumed similar activity levels. Thus, the difference in emission estimates is

primarily due to differences in the emission factors used. Both groups use similar

emission factors for facilities with design capacities less than or equal to 200 Ibs/h,

but the emission factor for MWIs > 200 Ibs/hr used in the EPA/ORD approach was

Jiigher than that used in the AHA approach by a factor of three. This results from
\ ^

the fact that the two approaches used different sets of emission tests to derive their

emission factors.

® Differences between the EPA/ORD and EPA/OAQPS Approaches: Because the two

approaches subcategorized the uncontrolled facilities into different classes, the

activity levels and emission factors cannot be directly compared. Considering the

class as a whole, however, both approaches used essentially identical activity levels.

The EPA/OAQPS approach assigned 68 percent of the total activity to the class with

the lowest emission factor (i.e., those with > 2-sec residence time). The emission

factor for this class, 74-ng TEQ/kg, is considerably lower than either emission factor

used in the EPA/ORD approach (1,700- and 1,860-ng TEQ/kg).

Given the uncertain data base available for making these estimates, it is difficult to

know which of these three estimation approaches yields the most accurate annual TEQ

estimate. However, despite the differences in methodologies and assumptions used, the

three approaches yield annual TEQ estimates that are not fundamentally different; the

estimates differ from each other by a factor of four or less. Because the EPA/ORD

approach was the last of the three to be developed, it has the benefit of being able to

utilize the most logical and supportable features of the previously developed EPA/OAQPS

and AHA approaches.

Regardless of the approach taken to estimate what the CDD/CDF emissions from

2,375 MWIs were in 1995, the National Emission Standards promulgated by EPA in

September 1997 (Federal Register, 1997b) require substantial reductions of CDD/CDF air
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emissions from MWIs. As a result of these standards, MWI emissions will be thoroughly

assessed for purposes of compliance with the CDD/CDF standard. Compliance testing will

allow the development of a more comprehensive emissions data base and more accurate
•,

characterization of this industry.

" i* '

•̂

3.4. CREMATORIA

Bremmer et al. (1994) categorized crematoria into two basic operating types: a

"cold" type and a "warm" type. In the "cold" type furnaces, the coffin is placed inside at a

temperature of about 300°C. Using a burner, the temperature of the chamber is increased

to 800-900°C and kept at that temperature for 2 to 2.5 hours. In the "warm" type
f \ U>

furnace, the coff in is placed in a chamber preheated to 800°C or higher for 1.2 to 1.5

hours. The chamber exhausts from both furnace types are incinerated in an after burner at

a temperature of about 850°C. Flue gases are then discharged to the atmosphere either:

(a) directly without cooling; (b) after mixing with ambient air using an air blast to a

temperature of about 200-350°C; or (c) after mixing with ambient air as in "b," followed by

further cooling to about 150°C in an air cooler and passage through a fabric filter.

Bremmer et al. (1994) measured CDD/CDF emissions at two crematoria in The

Netherlands. The first, a cold-type furnace with direct uncooled emissions, was calculated

to yield 2.4-^g TEQ per body. The second furnace, a warm type with cooling of flue gases

to 220°C prior to discharge, was calculated to yield 4.9-/-<g TEQ per body. The higher

emission rate for the warm-type furnace was attributed by Bremmer et al. (1994) to the

formation of CDD/CDF during the intentional cooling of the flue gases to 220°C.

Jager et al. (1992) (as reported in Bremmer et al., 1994) measured an emission rate

of 28-/^g TEQ per body for a crematorium in Berlin, Germany. No operating process

information was provided by Bremmer et al. (1994) for the facility.

In the United States, CDD/CDF emissions were measured at one crematorium

(CARB, 1 990c) classified as a warm-type facility using the criteria of Bremmer et al.

(1994). The combusted material at this facility was comprised of the body, as well as 4

pounds of cardboard, up to 6 pounds of wood, and an unquantified amount of unspecified

plastic wrapping. The three emission tests conducted at this facility yielded an average

emission factor of 0.5-/y.g TEQ/body. Although this emission factor is very similar to the

emission factors reported by Bremmer et al. (1994), a "low" confidence rating is assigned

to the factor, because it represents testing at only one U.S. facility. Table 3-17 presents
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the congener-specific emission factors for this facility. Figure 3-14 presents CDD/CDF

congener and congener group emission profiles based on these emission factors.

In 1995, 1,155 crematories were reported in the United States (Springer, 1997).
i
\

However, there are no readily availaote-data on the number of "cold" versus "warm".-*\ • <»s
crematoria furnaces. In 1 995, 21.1 percent of the deceased bodies were cremated (i.e.,

488,224 cremations), and 15.2 percent of the deceased were cremated in 1987 (i.e.,
/

323,371 cremations) (Springer, 1997). Cremations are projected to increase to 25 percent

in the year 2000 and 37 percent in the year 2010 (Springer, 1997). A high confidence '

rating is assigned to these activity level estimates, because they are based on recent data

provided bv the Crematoria Association of North America.
?y i L>

Combining the emission rate of 0.5-^g TEQ/body with the number of cremations in

1995 (488,224) yields an estimated annual release of 0.24-g TEQ per year. Based on the

low confidence rating assigned to the emission factor of 0.5-^g TEQ/body, the estimated

range of potential emissions is assumed to vary by a factor of 10 between the low and high

ends of the range. Assuming that the best estimate of annual emissions (0.24-g TEQ/yr) is

the geometric mean of this range, then the range is calculated to be 0.07- to 0.75-g

TEQ/yr. Combining the emission rate of 0.5-^g TEQ/body with the number of cremations in

1987 (323,371) yields an estimated release of 0.1 6-g (range 0.05- to 0.51-g TEQ/yr).

3.5. SEWAGE SLUDGE INCINERATION

The three principal combustion technologies used to incinerate sewage sludge in the

United States are the multiple-hearth incinerator, fluidized-bed incinerator, and the electric

furnace (Brunner, 1992; U.S. EPA, 1995b). All of these technologies are "excess-air"

processes (i.e., they combust sewage sludge with oxygen in excess of theoretical

requirements). Over 80 percent of operating sludge incinerators are multiple-hearth design.

About 15 percent are fluidized-bed incinerators, and 3 percent are electric incinerators.

Other types of technologies not widely used in the United States are single-hearth

cyclones, rotary kilns, and high-pressure wet-air oxidation (U.S. EPA, 1997b).

Multiple-hearth Incinerator: This consists of refractory hearths arranged vertically in

series, one on top. of the other. Dried sludge cake is fed to the top hearth of the furnace.

/The sludge is mechanically moved from one hearth to another through the length of the

furnace. Moisture is evaporated from the sludge cake in .the upper hearths of the furnace.

The center hearths are the burning zone, where gas temperatures reach 871 °C. The
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Figure 3-1. Typical Mass Bum Waterwall Municipal Solid Waste Incinerator

Source: U.S. EPA (1997b)
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Figure 3-2. Typical Mass Burn Rotary Kiln Combustor

Source: U.S. EPA (19975)
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Figure 3-3. Typical Modular Excess-Air Combustor
Source: U.S. EPA (1997b)

3-47 April 1998



DRAFT-DO NOT QUOTE OR CITE

>v

ToStacka
Waste HtstEtiar

Frrnery .̂.
'

Feed
i Oute

///////////// u
' - - ' ' - = • • '-in-el

I : • FeedEf

SGccrxby
Saocrcfay

0 0 0 jf^—
,a. o o -, ^^
o. o o.: '

=5.:' : RrrHyOTsrter

FrsDxr
TranderF&TB

Startby

Figure 3-4. Typical Modular Starved-Air Combu'stor with:Transfer Rams
•\ ; Source: U.S. EPA (1997b) - "#• \ : '; ' ; • - , '

3-48 April 1998



DRAFT-DO NOT QUOTE OR CITE

Sack

Figure 3-5. Typical Dedicated RDF-Fired Spreader Stoker Boiler
Source: U.S. EPA (1997b)
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Figure 3-6. Fluidized-Bed RDF Incinerator
Source: U.S. EPA (I997b)
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Key: DS/FF = Dry Scrubber combined with a Fabric Filter
H-ESP = Hot-side Electrostatic Precipitator (Temperature at control device is i230°C)
WS = Wet Scrubber
UNC = Uncontrolled (no APCD)
EGB = Electro Granular Activated Carbon Bed
FF = Fabric Filter

Figure 3-7. MSWI Design Classes for 1987
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Table 3 - 1 . Inventory of tvlSWIs in 1995 by Technology, APCD, and Act iv i ty Level

MSWI

MB RC

MS REF

M8-\VW

PB RDF

ROF.Ood

MO[>

SA

MOD-EA

Tolfll

No.
Faolilies

A c t i v i t y
Levet, kg,'v

No
F.iotitniS

A c t i v i t y
Level, 1*0. v

Mo
Facil i t ies

Act iv i ty
Level, Vijivi

N<,

Act iv ' t .y
Level, k(j v<

No
Facil i t ies

Act iv i ty
Level, Kq /v f

No
Facil i t ies

A c t i v i t y
Level, kii/v'

No.
Faci l i t ies

A c t i v i t y
Level, kq 'y r

No

Level, V q / v r

UNC

0

0

0

0

0

0

0

0

0

0

9

1 871 i OH

'

1 4 1 6 + 0 7

10

Hoi
- ESP

0

0

0

0
1

6

1.04E + 09

O

0

1

4 .22E i 07

4

1 .tf'.'t t 08

1

1.97E +07

1 2

Cold ESP

2

2. OOF. r08

1

l 69E t 08

8

2 81E f09

0

0

4

1.81E .-09

4

1 ?bt t 08

3

8.28E t07

22

DSI/H-ESP

0

0

0

0

1

.1 22E+08

0

0

1

2.00E t 08

0

0

1

1 . 4 1 E +-07

3

DS/FF

2

1 14E +09

2

2 68E +08

28

8.57E +09

!

1.69E +08

7

2.51E + 09

0

0

1

1.1 BE +08

4 1

DS/CI/FF

0

0

0

0

3

1 17E + 09

0

0

0

0

0

0

0

0

3

DS/FF;
C-ESP

0

0

0

0

0

0

0

0

1

5.63E +08

0

0

0

0

1

WS/FF

0

0

0

0

0

0

0

0

0

0

1

2.82E+07

0

0

1

ws
C-ESP

0

0

O

0

0

0

0

0

0

0

0

0

1

6.76E +07

1

DS/C-ESP

0

0

1

4.22E ' Of,

8

2.31E +09

0

0

4

1 75E +09

0

0

0

0

1 3

DS/DSI/
C-ESP

0

0

0

0

0

0

0

0

0

0 ""

1

7.00E +07

0

0

1

OS!/
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0

0

0

0

1

2.75E +08

0

0

0

0

0

0

0

0

1
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6

5.07E +-08

0

0

0

0

0

0

0

0

0

0

0

0

r,
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->

2 . 5 9 E + 0 8

1

1

1 . 1 3 E - t - 0 8

„-
*'

.»/
1 .97E +158

'

8.45E+-07

1

4 . 2 2 E +08

1

3.24E +07

1

1.01E +08

9
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0

0

0

0

""" 0

0

1

1 .13E+ -08

0

0

0

0

0

0

1
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0

0

2

2.04E+OB

0

0

0

0

0

0

3

4.90E +-07

0

0

5
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2.10E +09

7

1 . 1 8 E + 0 9

57

1 .68E + 10

t

3.66E+08
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7.30E+09

23
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Table 3-1. Inventory of MSWIs in 1995 by Technology, APCD, and Activity Level (continued)

MB/RC = Mass Burn Rotary Kiln :
MB/REF = Mass Burn Refractory Walled
MB/WW = Mass Burn Waterwalled
RDF/Ded = Dedicated Refuse-Derived Fuel
FB/RDF = Fluidized Bed Refuse-Derived Fuel
MOD/SA = Modular Starved Air
MOD/EA = Modular Excess Air "

UNC - Uncontrolled
Hot ESP = Hot side Electrostatic Precipitator
Cold ESP = Cold side Electrostatic Precipitator
DS/FF = Dry Scrubber with Fabric Filter
FF = Fabric Filter
EGB = Electro' Gravel Bed

"WS = Wet Scrubber

DSI/FF = Dry Sorbent Injection with Fabric Filter
DS/CI/FF = Spray Dryer - Carbon Injection - Fabric Filter
DSI/EGB = Dry Sorbent Injection - Electro Gravel Bed
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Table 3-2. Inventory of MSWIs in 1987 by Technology, APCD, and Annual Act iv i ty Level

MB/RC

MB/REF

MB/WW

RDF/Dedicated

RDF/cofired

MSWI Type

No. of
Facilities

Activity
Level, kg/yr

No. of
Facil i t ies

Activity
Level, kg/yr

No. of
Facilities

Activity
Level, kg/yr

No. of
Facilities

Activi ty
Level, kg/yr

No. of
Facilities

Activity
Level, kg/yr

UNC

0

0

0

0

0

0

0

0

0

0

Hot ESP

3

3.94E + 08

12

2.00E + 09

19

5.20E + 09

7

3.01E + 09

3

2.53E + 08

DS/FF

0

0

1

1.41E + 07

1

1.55E-V08

0

0

0

0

FF

1

1.58E + 07

0

0

0

0

0

0

0

0

EGB

0

0

0

0

0

0

0
•—

0

0

0

ws .

0

0
"--

7

9.01E + 08

0

0

2

3.38E + 08

0

0

Total

4

4.10E + 08

20

3-'.134E^f09
*/

20

5.35E + 09

9

3.35E + 09

3

2.53E + 08

en
en
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Table 3-2. Inventory of MSWIs in 1987 by Technology, APCD, and Annual Activity Level (continued)

MOD/SA

MOD/EA

MSWI Type

No.:Of:

Facilities

Activity
Level, kg/yr

No. of
Facilities

Activity
Level-.kg/yr

Total No. of
Facilities"

Total Activity
Level, kg/yr :

UNC

36

5.73E + 08

-2

4.17E + 07

38

'6 .15E+08

Hot ESP. .;.,..

2 - • • •

1.17E + 08

o ••;

o '

54

1.12E+10

v:;,bs7F,F-̂

o -\ -

0

0

0

2

2.96E + 08

.V-&FF i£&

3

1.43E + 08

0

0

4

1.59E + 08

•;--̂ GB';̂ 4.
0

0

1

6.76E + 07

1

6.76E + 07

î WS l̂k..

4

5.30E + 07

1

1.27E + 08

14

1.42E + 09

%;,fejv..T6tabi:̂ H

53

1.15E + 09

4

2.36£-+<3&~
S *

. '̂ >

113

1.38E + 10

MB/RC = Mass Burn Rotary .Kiln :"
MB/REF = Mass rBurn Refractory Walled
MB/WW = Mass Burn Waterwalled
RDF/Ded = Dedicated Refuse-Derived Fuel
RDF/cofired = RDF cofired with coal
MOD/SA = Modular Starved A i r • ' •
MOD/EA = Modular Excess Air

UNC = Uncontrolled >
Hot ESP = Hot side.Electrostatic Precipitator?

DS/FF = Dry Scrubber with Fabric Filter
FF = Fabric Filter
EGB '= Electro Gravel Bed
WS. = Wet Scrubber
kg/y = kilogram per year
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Table 3-3 Dioxin TEQ Emission Factors (ng TEQ per kg waste) for MunicipalvSolid Waste Incineration

oo
CJI
^1

Municipal Solid
Waste
Incinerator
Design

Mass Burn
Waterwall

Mass Burn
Ref rac tory

Mass Burn
Rotary Kiln

RDF Dedicated

Air Pollution
Control
Device

C-ESP
DS/C-ESP
DS/CI/FF
DS/FF
DSI/CI/H-ESP
DSI/FF
DSI/H-ESP
H-ESP
C-ESP
DS/C-ESP
DS/FF
DSI/FF
H-ESP
WS

C-ESP
DS/FF
DSI/C-ESP
DSI/FF
FF ,
H-ESP

C-ESP
DS/C-ESP
DS/FF
DS/FF/C-ESP
DSI/FF
DSI/H-ESP
H-ESP
WS

Average TEQ
Emission
Factor (ng/kg)

6.1
6.1
1.5
0.63
7.74
1.91
7.74
473

236
51.1
0.63
1.91
473
236

47
0.646
47

47
47

285

231
0.527
0.24
0.24
231
231
1490
231

Basis and Rationale

Based on MB-WW; DS/C-ESP, same furnace and most similar APCD temperature
Based on direct tests
Based on direct tests
Based on direct tests
Based on direct tests >„
Based on direct tests / \f

Based on MB-WW; DSI/CI/H-ESP, same furnace and most similar APCD" temperature
Based on direct tests •
Based on direct tests
Based on direct tests
Based on MB-WW; DS/FF, most similar furnace and same APCD
Based on MB-WW; DSI/FF, most similar furnace and same APCD
Based on MB-WW; H-ESP, most similar furnace and same APCD
Based on MB-Ref ;C-ESP, same furnace and similar APCD temperature
Based on MB-RK; DSI/FF, same furnace and similar emission control
Based on direct tests --
Based on MB-RK; DSI/FF, same furnace and similaY emission control
Based on direct tests
Based on MB-RK; DSI/FF, same furnace and similar emission control
Based on direct tests

Based on direct tests
Based on direct tests
Based on direct tests
Based on RDF-Ded; DS/FF, same furnace and similar APCD
Based on RDF-Ded; C-ESP, same furnace and similar emission control
Based on RDF-Ded; C-ESP, same furnace and similar emission control
Based on direct tests
Based on RDF-Ded; C-ESP, same furnace and similar APCD temperature
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Table 3-3 Dioxin TEQ Emission Factors (ng'TEQ per kg waste) for Municipal Solid Waste Incineration (continued)

•̂jl
DO

Municipal Solid
Waste
Incinerator
Design

Modular
Starved-air

Modular
Excess-air

Fluidized-bed
RDF

Air Pollution
Control
Device > "

C-ESP
DS/DSI/C-ESP
DSI/FF
F'F
H-ESP
UNC
WS
WS/FF

C-ESP
DS/FF

DSI/FF
DSI/H-ESP
EGB

H-ESP
UNC
WS
WS/C-ESP

DS/FF
DSI/EGB
DSI/FF

Average TEQ
Emission
Factor (ing/kg)
16"~ ... ... .

16
0.0247 ,
16
79
0.0247
1 6 " "
16

16
16;

0.0247.
1 18
0.0247
118
0.0247
16
16

0.63
0.63
0;.63

•' • '. •

Basis and Rationale ,t • .

Based on Mod-EA; C-ES.P, similar furnace (modular design) and same APCD
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar emission control
Based on direct tests
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar emission control
Based on direct tests
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar APCD temperature
Based on Mod-EA; C-ESP, similar furnace (modular design) and similar APG*D,^e-mperature

Based on direct tests "' , t
Based on Mos-EA; C-ESP, same furnace and similar temperature in APCD^-may over-estimate
emissions
Based on Mod-SA; DSI/FF, similar (modular design) furnace and same APCD
Based on Mod-EA; H-ESP, same furnace and similar emissions
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions
Based on direct tests
Based on Mod-SA; DSI/FF, same furnace and most similar expected emissions
Based on Mod-EA; C-ESP, same furnace and simijar APCD temperature
Based on Mod-EA; C-ESP; same furnace and similar APCD

Based on MB-WW; DS/FF, similar furnace and same APCD
Based on MB-WW; DS/FF, similar furnace - may under-estimate emissions
Based on MB-WW: DS/FF, similar furnace - mav under-estimate emissions

Key: ng/kg = Nanograms TEQ per kilograms waste
DS/FF = Dry scrubber combined with a fabric filter _,
DSI/FF = Dry sorbent injection coupled with a fabric filter
DS/CI/FF = Dry scrubber coupled with carbon injection and a fabric filter
C-ESP = "Cold-sided electrostatic precipitator (temperature at control device is below 220°C
H-ESP = Hot-sided electrostatic precipitator (temperature at control device is above 220°C
WS - Wet scrubber
UNC = Uncontrolled (no APCD)
EGB = Electro-granular activated carbon bed
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Table 3-4 Annual TEQ Emissions (g/yr) From MSWIs Operating in 1995

Municipal Solid Waste
Incinerator Design

Mass Burn Waterwall

Mass Burn Re f rac to ry

t
Mass Burn Rotary Kiln

RDF Dedicated

Modular Starved-air

Modular Excess-air

Fluidized-bed RDF

Total

Air Pollution
Control
Device

C-ESP
DS'C-ESP
DS :CITF
DS'FF .
DSI.'CI/H-ESP
DSI/FF
DSI 'H-ESP
H-ESP

Subtotal

C-ESP
DS'C-ESP
DS'FF
D5ITF
\VS

Subtotal

C-ESP
DS'FF
DSI 'C-ESP
DSi'Fr

Subtotal

C-ESP
DS'C-ESP
DS'FF
DSI/FF
DSI/H-ESP
H.ESP
DS/FF/C-ESP
Subtotal

C-ESP
DSI/FF
H-ESP
UNC
WS
WS/FF
D S / D S I / C -
ESP

Subtotal

C-ESP
DS'FF
DSI/FF
DSI/H-ESP
H-ESP
UNC
WS/C-ESP

Subtotal

DS/FF
DSI/EGB
DSI/FF

Subtotal

Emissions
From Tested

Facilities
, (g TEQ/yr)

•V-,...v 0
A 2.09

•^ 0 635
v. " 2.01

2.12
0.279

0
163

170

39.8
2;. 6

0
0
0

61.4

0
0.245

0
5.29

5.54

32.5
0.321

0.0975
0
0
0
0

33

0
0.000801

8.01
0
0
0
0

8.01

0.0643
0
0
0

2.32
0
0

2.39

0
0
0

0

280

Average TEQ
Emission

Factor
(ng/kg)

6.1
6.1
1.5

0.63

7.74
473

0.63
1.91
236

47
0.646

47
47

231
O.527

0.24
231
231

1490
0.24

16

79
0 0247

16
16
16

16
16

0.0247
118

0.0247
16

0.63
0.63
0.63

Activity Leve
Non-Tested

Facilities
(kg/yr)

2.81e + 09
1.88e + 09
7.44e + 08
5.98e + 09

0
0

4.22e + 08
1.79e + 08

0
0

2.686 + 08
1.13e + 08
2.04e + 08

• \ V . N

2.00e-i-08
7.57e + 08
5.07e + 08
1.46e + 08

1.67e + 09
1.14e + 09
1.58e + 09
4.22e + 08
2.00e + 08
4.22e + 07
5.63e + 08

1.25e + 08
0

8.03e + 07
1.87e + 08
4.90e + 07
2.82e + 07
7.60e + 07

6.25e + 07
1.18e + 08
1.01e + 08
l .41e + 07

0
1.41e + 07
6.76e + 07

1.69e + 08
1.13e + 08
8.45e + 07

Emissions From
Non-Tested

Facilities
(g TEQ/yr)

17.1
1 1.4
1.12
3.77

0
0

3.27
84.5

121

0
0

0.168
0.216

48. 1

' 48.5

9.4
0.489

23.8
6.85

40.6

385
0.603
0.379

97.6
46.2

. 63
0.135

593

2
0

6.34
0.00463

0.785
0.451

1.22

10.8

1
1.9

0.00251
1.66

0
0.000348

1.08

5.64

0.106
0.0709
0.0532

0.231

820

Total
Emissions
From All
Facilities

(g TEQ/yr)

17.1
13.5
1.75
5.77
2.12

0.279
3.27
247

291

39.8
21.6

0.168
0.216

48.1

110

9.4
0.734

23.8
12.1

46.1

4,18
0.924
0.477

97.6
46:2

63
0.135

626
f

0.000801
14.4

0.00463
0.785
0.451

1.22

18.8

1.07
1.9

0.00251
1.66
2.32

0.000348
1.08

8.03

0.106
0.0709
0.0532

0.231

1,100

Key: DS/FF = Dry Scrubber combined with a Fabric Filter
DSI/FF = Dry Sorbent Injection coupled with a Fabric Filter
DS/CI/FF = Dry Scrubber -Carbon Injection-Fabric Filter
C-ESP = Cold-side E lec t ros ta t ic Precipitator (Temperature at control device is below i230°C)
H-ESP = Hot-side E lec t ros ta t ic Precipi tator (Temperature at control device is >230°C)
WS = Wet Scrubber
UNC = Uncontrolled (no APCD)
EGB = Electro Granular Act ivated Carbon Bed

ng/kg = nanogram per kilogram
kg/yr = kilograms per year
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Table 3-5. Annual TEQ Emissions to the Air From MSWIs Operating in 1987

Municipal Solid Waste

Incinerator Design

Mass Burn Waterwalf

Mass Burn Refractory

Mass Burn Rotary Kiln

RDF Dedicated
f

RDF Cofired

Modular Starved-air

Modular Excess-air

Tntak

Air
Pollution

Control

Device

DS/FF

H-ESP

Subtotal ,

DS/FF ;

H-ESP
WS

Subtotal

FF
H-ESP

Subtotal

H-ESP
WS

Subtotal

H-ESP

FF
H-ESP

UNC
WS

Subtotal

EG8
UNC
WS

Subtotal

Emissions

From Tested

Facilities

(g TEQ/yr)

'5VO,0373

* -\33

\ 433

0
0
6
0

0
48.2

48.2

840
0

840

0

0
0.0643

0
0

0.0643

0
0

0

0

1 370

Average TEQ

Emission
Factor

(ng/kg)

473

0.63

.473

236

47

285

1490

231

231

16
79

0.0247

16

0.0247
0.0247

16

Activity Level

Non-Tested
Facilities

(kg/yr)

0
3.27e + 09

1.41e + 08
2.00e + 09

9.01e + 08

1.58e + 07
2.25e + 08

2.45e + 09

.3.3,86 + 08

2.53e + 08

1.43e + 08
3.61e + 08
5.73e + 08

5.30e + 07

6.76e + 07

4.17e + 07
1.27e + 08

Emissions From
Non-Tested

Facilities

(g TEQ/yr)

0

1550

1550

O.OS87
944
212

1,160

0.741

64.2

65

'•3660
78.1

3730

58.6

2.29

28.5

0.0142

0.848

31.6

0.00167

0.00103

2.03

2.03

fi MO

Total Emissions
From All

Facilities

(g TEQ'yr)

0.0373

1980

19SO

O.OS87

944

212

1,160

0.741

112

1 13

4500
78.1

4570

58.6

2.29

28.5

0.0142

0.848

31.7

0.00167

0.00103

2.03

2.03

7 91R

Key: DS/FF = Dry Scrubber combined with a Fabric Filter'
DSI/FF = Dry Sorbent Injection coupled with a Fabric Filter
DS/CI/FF = Dry Scrubber -Carbon Injection-Fabric Filter
C-ESP = Cold-side Electrostatic Precipitator (Temperature at control device is below <230°C)
H-ESP = Hot-side Electrostatic Precipitator (Temperature at ;control; device is i2300C)
WS = Wet Scrubber '

UNC = Uncontrolled (no APCD)
EGB = Electro Granular Activated Carbon Bed . " • ; ' . .
ng/kg = nanograrn.pe'r'kirogram : '* '
kg/yr = kilograrhs per year
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Ratio (congener emission factor / total CDD/CDF emission factor)
O 0.02 O.04 O.O6 O.O8 0.1

2.3.7.S-TCDD

1.1.3. 7,S-PeCDD

1,2.3.4. 7.S-HxCDD

l,2.3.6.7,S-HxCDD

1.2.3.7.S.9-HxCDD

1.2.'.-t.6.7.$-HpCDD

I.2.3.J.6. 7.S.9-OCDD

2.3. 7.S-TCDF

1,2,3, 7,8-PeCDF

2.3.4.7,S-PeCDF

1,2. 3.-I. 7,S-HxCDF

, l,2.3.6,7.S-HxCDF

1.2,3,7.8,9-HxCDF

2.3.4,6.7,8-HxCDF

].2.3.4.6. 7.8-HpCDF

1.2,3.4,7,8,9-HpCDF

1.2.3.4.6.7,8,9-OCDF

0.12

TCDD

PeCDD

HxCDD

HpCDD

Ratio (congener group emission factor /total CDD/CDF emission factor)
0.05 O.I 0.15 O.2 0.25

Figure 3-9. Congener and Congener Group Profiles for Air Emissions from a Mass-Burn
Waterwal l MSWI, Equipped with a Dry Scrubber and Fabric Filter
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Table 3-6. CDD/CDF Emission Factors for Hazardous Waste Incinerators and Boilers

Congener/Congener Group

.

V*~v

•-v>

2,3,7,8-TCDD f

1,2,3,7,8-PeCDD

1, 2,3,4,7, 8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD

: 1,2,3,4,6,7,8-HpCDD

' OCD0
: 2,3,7,8-TCDF

1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF

1,2, 3,4,7, 8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total TEQ (nondetects = 0)
Total TEQ (nondetects = 1/2 DL)

Total TCDD
1 Total PeCDD
Total HxCDD
Total HpCDD - "" ' . " ? . • -. -^T Y^/'.,.,

Total OCDD

Total TCDF ,;. , . ,.,,.,,,,..
: Total PeCDF : 'V ' t -Y '. :"'

::''--=ff
.'.Total HxCDF. ...

Total HpCDF
Total OCDF

Total CDD/CDF (nondetects = 0)

Total CDD/CDF (nondetects = 1/2 DL)

Incinerator Average
Mean emission factor

(17 facilities)
(ng/kg feed)

Nondetects
Set to 1/2

Det. Limit

0.44

0.18
0.22
0.32
0.49
1.77
4.13

2.96

2.36
2.56

9.71
3.96
0.31
2.70
16.87
1.74

13.78

4.22

:,--"J\ . " ' ' • ! ' • ' - ' •

137.36

Nondetects

Set to

Zero

0.14

0.14

0.18
0.28

0.48
1.75
3.74

2.69
2.33
2.51

9.71

3.95
0.29

2.70
16.68
1.71 ; , . ' .

V3.46" ^

>;• :'3.8'3
•'" •v";'1.-,- ..;

137.36

Hot-Side ESP Boilers
Mean emission factor

(2 facilities)
(ng/kg feed)

Nondetects

Set to 1/2
Det. Limit

0.10
0.11
0.15
0.20

0.22

VI 7
5.24

0.81
0.38
0.52
0.83
0.37
0.08
0.56
1.04

0.18
0.70

0.78

0.77
1.15
1.67
2.34
5.24

5.47
5.50
4.04

1.94
0.70

28.83

Nondetects
Set to

Zero

0.00
0.04

,0.08
0.18
0.20

1.17
5.24

0.81
0.38
0.52
0.83
0.37
0.02.

0.56
0.93
0.16
0.70

0.64

0.77
0.77
1.62
2.34
5.24

5.47

5.51
4.04

1.94

0.70

28.83

ng/kg = nanograms per kilogram

Source: U.S. EPA (1996c).

3-62 April 1993



DRAFT-DO NOT QUOTE OR CITE

Ratio (congener emission factor/tola! CDD/CDF emission factor)
0.05 0.1 0.15

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3.6,7,8-HxCDD

1,2,3,7.8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4.7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3.4,6,7,8-HxCDF

1,2,3,4.6.7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

- • • i f

Figure 3-10. Congener Profile for Air Emissions from Hazardous Waste Incinerators

o
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Ratio (congener emission factor / fatal CDD/CDF emission factor)
0.05 0.1 0.15

2.3.7.8-TCDD

1.2,3,7,8-PeCDD

1.2.3.4.7.S-HxCDD

1,2.3.6.7,8-HxCDD

1.2.3,7,8,9-HxCDD

1.2.3,4,6,7,8-HpCDD

1,2.3,4.6,7.8,9-OCDD

2.3.7.8-TCDF

1,2,3.7.8-PeCDF

2.3,4,7,8-PcCDF

1,2,3.4.7,8-HxCDF

1,2.3.6,7.8-HxCDF

f 1.2,3.7.8,9-HxCDF

2.3,4,6,7,8-HxCDF

1,2.3,4.6,7,8-HpCDF

1,2,3,4, 7.8.9-HpCDF

1.2.3.4.6.7.8.9-OCDF

Ratio (congener group emission factor /tola! CDD/CDF emission factor)
0.05 0.1 0.15 0.2 0.25

Figure 3-11. Congener and Congener Group Profiles (or Air Emissions from
Boilers and Industrial Furnaces Burning Hazardous Waste
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Table 3-7. Summary of Annual Operating Hours for Each MWI Type

MWI Type

Continuous
commercial

Continuous
onsite

Intermittent

Batch

Capacity Ranges >
(Ib/hr) V

" > 1,000

501 - 1,000
> 1,000

< 500

Case by case

Annual charging
hours
(hr/yr)

7,776

1,826
2,174

1,2§0 \

Case by case

Maximum annual
charging hours

(hr/yr)

8,760

5,475

. \ 4,380

Capacity
Factor

0.89

0.33
0.40

0.29

Case by case

Ib/hr = pounds per hour
hr/yr = hours per year

6
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Table 3-8. OAQPS Approach: PM Emission Limits for MWIs and Corresponding
Residence Times in the Secondary Combustion Chamber

MWI Type *

Intermittent and
Continuous

Batch
f

. "\ V

PM Emission Limit6

(gr/dscf)

>0.3
0.16 to < 0.30
0.10 to <0.16

20.079
0.042 to <0.079
0.026 to <0.042

Residence Time in
2° Chamber

(seconds)

0.25
1.0
2.0

0.25

•• >&

TEQ Emission
Factor

(k^TEQ/kg waste)

3.96 e-9
9.09 e-10
7.44 e-11

, 3.96 e-9
9.09 e-10
7.44 e -11

gr/dscf = grains per dry standard cubic foot at standard temperature and pressure.
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Table 3-9. OAQPS Approach: Estimated Nationwide CDD/CDF TEQ Emissions (g/yr) for 1995

MWI - . .
Type

Batch

Continuous

Continuous/
Intermittent

Intermittent

Subtotal:
Uncontrolled

Batch

Continuous

Intermittent

Subtotal: Controlled
w/Wet Scrubber

Continuous

Continuous
on-site/ Intermittent

Continuous

Continuous
on-site/ Intermittent

Subtotal: Controlled
w/Dry Scrubber

Intermittent

Total MWI

Residence ...
Time or !j
APCD

0.25 sec
1.00 sec
2.00 sec

0.25 sec
1.00 sec
2.00 sec

0.25 sec
1.00 sec
2.00 sec

0.25 sec
1.00 sec
2.00 sec

Wet Scrubber

Wet Scrubber

Wet Scrubber

Dry Scrubber
no carbon

Dry Scrubber
with no
carbon

Dry Scrubber
with Carbon

Dry Scrubber
with Carbon

Fabric Filter/
Packed Bed

CDD/CDF

T^ EF '
\ifl/kg)

M.94e + 05
4.45e + 04
3.65e + 03

1.94e + 05
4.45e + 04
3.65e + 03

1.94e + 05
4.45e + 04
3.65e + 03

1 .94e + 05
4.45e + 04
3.65e + 03

4.26e + 02

4.26e + 02

4.26e + 02

3.65e + 02

3.56e + 02

7.00e + 01

7.00e + 01

3.34e + 04

TEQ ;-•'.
EF :

Infl/kp)'

3.96e + 03
9.09e + 02
7.40e + 01

3.96e + 03
9.09e + 02
7.40e + 01

3.96e + 03
9.09e + 02
7.40e + 0^

3.96e + 03
9.09e + 02
7.40e + 01

10

10

10

7

7

2

2

6.81e + 02

T Activity ..
'. Level ;

(kg/yr)

5.95e + 06
4.20e + 05
2.14e + 05

1.20e + 06
5.10e + 06
3.01e + 07

4.54e + 06
4.24e + 07
.9.79e + 07

4.18e-f 06
1 .83e + 07
NA

2.53e + 08

2.42e + 04

1 .88e+08

6.04e + 07

3.71e + 08

9.94e + 07

7.86e + 06

1.43e + 07

3.70e + 06

1.46e + 08

6.99e + 05

3.71 e+ 08 _['

CDD/CDF
Emissions

lg/v»

1.15e + 03
1.87e + 01
7.82e-01

2.34e + 02
2.27e + 02
1.10e + 02

8.80e + 02
1.88e + 03
3.57e-r02

8.11e + 02
8.12e^02
NA

6.65e + 03

1.00e-02

8.01e + 01

2.58e + 01

1.58e + 02

3.63e + 01

2.87

1.00

2.61e-01

4.80e + 01

2.34e + 01

6.88e-f03

>;TEQ .:;•
Emissions

(g/v) :

2.35e + 0l
3.82e-01
1.60e-02

4.77
4.64
2.24

1.80e + 01
3.85e + 01

7.29

1.65e + 01
1.66e + 01
NA

1.36e + 02

2.00e-04

1.90

6.1 1e-01

3.74

7.39e-01

5.80e-02

2.40e-02

6.00e-03

9.82e-01

4.76e-01

1.41e + 02

NA = Not applicable
ng/kg = nanograms per kilogram
kg/yr = kilograms per year
g/yr = grams per year
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Table 3-10. AHA Approach: TEQ Emission Factors Calculated for Air Pollution Control

. . . . - • - . .̂ ~\ . • " \ v

* ' • - . . ; ' • . • " : • ' : : ' ' • ' • • * . . - • • ' ' \ "
ARC Category'

Uncontrolled r

MWIs up to 200 Ib/hr
MWIs > 200 Ib/hr

Wet scrubber/BHF/ESPb

Dry sorbe.nt injection/Fabric Filter

TEQ Emission Factor
{lb/106 Ibs waste)

1.53e-03
5.51e-04

4.49e-05

6.95e-05

Number of MWI Test
Reports Used3

4
13 -

11

8

The same MWI may have been used more than once in deriving emission factors.

Wet scrubbers-bag house filters-electrostatic precipitators. Bag house is also called Fabric
Filter.

Source: Doucet (1995).
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Table 3-11. AHA Assumptions of the Percent Distribution of Air Pollution
Control on MWIs Based on PM Emission Limits

• ;PM Emission' Limits8

:^' ; ; (gr/dscf} ^

;> 0.10

0.08 to < 0.10

0.03 to < 0.08

< 0.03

*• »
"•. *-

V

"Percent MWIs
Uncontrolledb

50%

25%

0%

0%

: Percent MWIs with Wet
Scrubbers/ 1 , '
BHFs/ESPsc '

50%

75%

98%

,1 1,30%

Percent
MWIs DI/FFd

0%

0%

2%

70%

Paniculate matter (PM) emission limits at the stack, grains per dry standard cubic foot
(gr/dscf).

Uncontrolled means there is no air pollution control device installed on the MWI.

Scrubbers/BHFs/EDPs means wet scrubbers-bag house filters-electrostatic precipitators.

DI/FF means dry sorbent injection combined with fabric filters.
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Table 3-12. AHA Approach: Estimated Annual Nationwide CDD/CDF TEQ Emissions

APCD8 '

Uncontrolled

Subtotal:*. ^ ^ , -
Uncontrolled:-!,

WS/BHF/ESP

DI/FF

Subtotal:* Controlled

Jota\-&£'--'A-'ri? • • " • * • • • • • • •

v.
MWI Capacity6

(Ib/hr) \

< 200
>?200

.- , v ' - ••

>200

>200

. CDD/CDF TEQ
^Emission Factor0
* -

(g/kg waste)

1.54 e-06
5.51 e-07

4.49 e-08

6.95.6-08

MWI Activity
Leveld ''••
(kg/yr)

2.28 e + 07
1.54 e + 08

1.776 + 08

3.51 e + 08

(2.66 e + 07

3.77 e + 08

5. 54 e + 08

Annual TEQ
Emissions

(g/yr)

3.51e + 01
8.48e + 01

1.20e + 02

1.58e + 01

1.81

1.76e + 01

1.38e + 02

a APCD = Air Pollution Control Device assumed by AHA. Uncontrolled means there is no air
pollution control device installed on the MWI. WS/BHF/ESP = Wet scrubber-bag house
filter-electrostatic precipitator. DI/FF = Dry sorbent injection-fabric filter.

b MWI capacity is the design capacity of the primary combustion chamber.

c TEQ Emission Factor derived from tested facilities.

d Activity Level is the annual amount of medical waste incinerated by each APCD class.

Ib/hr = pounds per hour
g/kg = grams per kilogram
kg/yr = kilograms per year
g/yr = grams per year
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Table 3-13. Comparison Between Predicted Residence Times and Residence
Times Confirmed by State Agencies from EPA/ORD Telephone Survey

.State :

Michigan

Massachusetts

,'

Virginia

New Jersey

.rt(,

Residence Time\
'• 'Categories ;•

1 /4 second
1 .0 second
2.0 seconds

1/4 second
1 .0 second
2.0 seconds

1/4 second
1 .0 second
2.0 seconds

1/4 second
1 .0 second
2.0 seconds

V • • • ' •
>;• Percentage of
; ^Uncontrolled MWIs "
Predicted by PM Method

2% (6/280 MWIs)
2% (5/280)
96% (269/280)

6% (6/94 MWIs)
0% (0/94)
94% (88/94) -\ ^

1 1 % (6/56)
0 % (0/50)
89% (50/56)

0% (0/53 MWIs)
0% (0/53)
100% (53/53)

Percentage of Uncontrolled
MWIs Confirmed by State :

Agency

96% (269/280 MWIs)
3% (9/280)
1% (1/280)

Unknown
Unknown
4% (2/50)

4.5% (1/22)
91% (20/22)
4.5% (1/22)

Unknown
Unknown
Unknown

Source: O'Rourke (1996).
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Table 3-14. EPA/ORD Approach: Annual TEQ Emissions from Medical Waste Incineration (MWI) for Reference Year 1995

MWI Class
(APCD )

Uncontrolled

Controlled .

Total

MWI Subclass
(Capacity or

..APCDJ'-V-

<200 Ib/hr

>200 Ib/hr

Wet Scrubber/
Fabric Filter/"
ESP
Dry Sorbent '
Injection/
Fabric Filter

Fabric Filter/' • ' • ' ,
Packed Bed ,
Scrubber

- £

'••/Nb.'.'oHA
;; Tested :'
Facilities^

3

5

8

2

1

-?

!--::-; Emission •!!;
' Factor Tofah
•KcDbVCDftf;
:;-rMg7kgWl

9.25e + 04

6.02e + 04

4.65e-f 03

2.85e + 02

1.10e + 05

'*:;, A^fe**?*^''^^-!;.<;••: jwsif;. •».;•.*; .••••:•••''.'.%
ix:.,-̂ !.';!!-:-.:̂ 1,̂ .1-;:':-;.;̂ :!*. •;;*/

;p||||||:||if̂
STESllmllisionl
iiFlt̂ lWgi

1.86e + 03

1.70e + 03

7.2e + 01 il

7

1.35e + 03

tî :ili§S^
•̂ »fc.v'i,->4ii*>ASK,t*ir»
«;ActivitVfe

3.06e + 07

2.23e + 08

.'3.71e + 08

1.46e + 08

6.99e + 05

7.71e + 08 T

ViWiSJBJfJftlS-i-VsVfe'li;
lî AnnlMl̂ t
't̂ f̂ .'?''-̂  ••"&*«''-M»i?'.Vf-% •,

filGDD^FJIi1ft«***s*t?s«.«f5*^Emissions;;̂
f̂cA^y/iî SKSC»§l(g/yrJMftx
2.83e + 03

1.34e + 04

1.72e + 03

4.16e + 01

7.73e + 01

2.02e + 04

;|TEQ: Emissions -
HftSigfl:)̂ !

5.71e + 01

3>79e + 02

";> ,. ..., <**•"

2. -6 8 e + 01
#/

9.90e-01

9.50e-01

4.77e + 02

APCD = Air Pollution Control Devices
ng/ky = nanograms per kilogram^
kg/yr = kilograms per year
g/yr = grams per year ' -a,
Ib/hr = pounds per hour
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Ratio (mean congener emission factor /total CDD/CDF emission factor)
0 O.OS 0.1

2,3.7.8-TCDD

1.2.3. 7.8-PeCDD

1.2.3.4.7,8-HxCDD

J .2.3.6, 7,8-HxCDD

1 .2,3. 7.8.9-HxCDD

1.2.3.J.6.7,S-HpCDD

1.2, 3,4. 6. 7.S.9-OCDD

2.3.7.S-TCDF

1 .2,3,7, 8-PeCDF

2.3.4, 7,S-PeCDF
/

1,2.3,-1.7,8-HxCDF

l,2.3.6.7.S-HxCDF

1.2.3.7,S.9-HxCDF

2.3.4.6.7,R-HxCDF

1,2.3,4,6.7.8-HpCDF

3
3 . - '

1,2,3.4.6.7.8.9-OCDF

Hi 3'

O.15

Ratio (congener group emission factor / total CDD/CDF emission factor)
0.05 01 0.15 0.2 0.25

h'ondetects set equal to zero.

Figure 3-12. Congener and Congener Group Profiles for Air Emissions
from Medical Waste Incinerators without APCD
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Ratio (congener emission factor /total CDD/CDF emission factor)
0.01 . 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

2,3,7,8-TCDD

1,2,3.7.8-PeCDD

1,2.3.4,7,8-HxCDD

1,2.3,6,7.8-HxCDD

],2,3,7,8.9-HxCDD

1.2,3,4,6,7,8-HpCDD

1.2,3.4.6.7,8.9-OCDD

2.3,7.8-TCDF

1,2.3.7,8-PeCDF
t

2,3.4.7,8-PeCDF

1,2,3.4.7.8-HxCDF

1,2,3,6.7.8-HxCDF

1,2,3.7.8,9-HxCDF

2,3,4.6,7.8-HxCDF

1,2.3,4.6,7.8-HpCDF

1,2.3,4,7,8,9-HpCDF

1,2.3.4.6,7,8,9-OCDF

Ratio (congener group emission factor / total CDD/CDF emission factor)
0 0.05 O.J 0.15 0.2

Nondetects set equal to zero.

Figure 3-13. Congener and Congener Group Profiles for Air Emissions from Medical
Waste Incinerators Equipped with a Wet Scrubber, Baghouse, and Fabric Filter
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Table 3-15. Summary of Annual TEQ Emissions from Medical Waste Incineration (MWI) for Reference Year 1987

MWI Class8

s 200 Ib/hr

> 200 Ib/hr

Total

No of Tested
Facilities

3

5

8

Activity Level
(kg/yr)

2.19 e + 08

1.21 e + 09

1.43 e + 09

Total CDD/F
Emission
Factorb

(g/kg)

9.25 e-05

6.02 e-05

TEQ
Emission Factor

(g/kg)

1.86 e-06

1.70 e-06

Annual CDD/F
Emissions

(g/yD
, . ' .-. ;•• i'.:: '.- ' .;:.;.•;./•

2.02e + 04

7.316 + 04

9.336 + 04

Annual TEQ
Emissions

(g/yr) .,
'- ••.. .••'^.•J.X.'^'/Mt:*.,

4.08e + 02

,2.0^+03

*X7e + 03

.0

Lj
Jl

This uses the categorization scheme of the AHA Approach (Doucet, 1995).

kg/yr = kilograms per year
g/kg = grams per kilogram
g/yr = grams per year
Ib/hr = pounds per hour
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Table 3-16. Comparisons of Basic Assumptions Used in the EPA/ORD, the EPA/OAQPS, and the
AHA Approaches to Estimating) Nationwide CDD/CDF TEQ Emissions from MWIs in 1995

; Assumptions •

Reference YeafSSi; ;*H-v

Number of MWlst-r^fe

Estimated Activity ;,': /
, >'-<•: ,- '̂ '•f'S'Af^^t.-^^K'Leye)£$j;x&?tf &%•;?>•:•<<•?-?

Percent -of j&ctjyity ?. -s|jr

Level /£fiUK«>ntrpil̂ 4v^
MWis||̂ ĝ|s4isl|;

Per.cfnt^f^ctivjtyi^4
Lev el •: a tic 6 n t r 6 1 1 6d . * '̂ jC,
MWJ|i:̂ l|J«*̂ ;:«-:̂
™>. •».'» rfS.-i>i.t:-s?#S*--- !'••?->•-

Subclassificatiph 'of >"-- :f|
Uncon r̂oiiecî asis^^B

--••-•--•, . .• > -:-!!jf- •• t-,-,.rv--- jiv..--1 '- •'

- ••*"* ' "v i.--;-'''; •.--•:*' "••,' - ' : - • * - • ;! . , • - • * • •:- v '

Assumed ̂ Distribution ^f
of Uncontrolled Class'iKi
,• '>.'$;• JfVJ -»t;-«i<-:"isS/̂ -" •;.; - V *'•-•• -;".̂-'̂ ^ r̂̂ î̂ !̂-'̂ .

APC^s;A«Bm¥d.ifori:.;:̂
'Comroll̂ cla '̂lM^v- ;is
?s ̂ ^SSwIî iP t̂rt :; <ys
•^yî m/̂ f̂ m^v-̂  :̂: î*i&&î $i?&;̂  -vS.•'--v:«xWr'«s-'5.® .•ssfedK ĵ - î .--'• ;<•"••

Maulieililî rtiotli

•1^̂ *̂ ^S?SSWSC.?%:
•S^̂ f̂et̂ SJp?-,,;:;.̂

^̂ !SS^̂ SEfiii4l
Apprpach;-ysed^;iKAfi:-*H

No!€f:t;eS;tealM\rVis*?i;
-•-.-. <:z*t£.i!Q*»fi& ••KiSt*3j.'V;f,':fci;'
Used l:tOjDe,veigb^ .̂s.r^
Eml̂ ipn^actSrjs .̂;:'̂ :̂

Uncohtroll&d^^^&ll
ErnissioWFaiitwsl̂ s^SB

insPIKKiiif
G^n l̂fealfEQ^aiS^
;••:. --:"-:, ^--Sv ,.v-.-,<V > "̂;̂ £Si%"::.":t̂ '?T:̂ v

•mlssibn^Factbys'^'-^fl^

. :"^A, /i-;v<f*Kv^te;:.;xfe«-yr;>

"EPA/ORD Approach

1995 i
:-*£*

2,375 ,.'" .\>v •
7.71 e + 08 kg/yr

f33%

67%

Same as AHA
assumption

Same as AHA
assumption

WS/FF/ESP
DI/FF
FF/Packed Bed Scrub

Yes/ Analogous to
AHA method.

Yes

Uncontrolled: 8
Controlled: 1 1

1,865 .= s200lb/hr
1,701 = >200lb/hr

/WS/FF/ESP: 72 -
g/DSI/FF:7 ->..,
h/FF/PBS: 1,352i

I EPA/OAQPS Approach

1995

2,375

7.71 e + 08 kg/yr

33%

67%

By residence lime's (RT) in
secondary chamber

By RT of 0.25, 1.0 and 2.0
sec by State PM emission
limits

WS
DS-no Carbon
DS-Carbon
FF/Packed Bed Scrub

Yes/ Analogous to AHA
method

Yes

Uncontrolled: 10
Controlled: 23

a/ 3,960 = 0.25 s RT
b/909 .= 1.0s RT
c/200lb/hr 74 =2. Os RT

/ WS: 10
/ DS no carbon: 7
c/ DS with carbon: 2
/FF/PBS: 6 8 1 ' " - ' ' ' . "

| AHA Approach

1995

2,233

5.54 e + 08 kg/yr

32%

68%

\

By design capacity

By estimated annual
hrs of operation of <
200 Ib/hr and > 200
Ib/hr design capacity

WS/FF/ESP
DI/FF

Yes/ Based on survey
and State PM
emission limits

Yes

Uncontrolled: 13
Controlled: 12

d/ 1,540 =< 200 Ib/hr
e/ 551 = > 200 Ib/hr

m/ WS/FF/ESP: 44.9 '
n/ DSI/FF: 69.5

WS = Wet Scrubber; FF = Fabric Filter; ESP = Electrostatic Precipitator; DSI = Dry Sorbent Injection; DS
Dry Scrubber; no carbon = without the addition of activated carbon; with carbon = with the addition of
activated carbon; PBS = Packed Bed Scrubber.
a 0.25 seconds residence time (RT) in the secondary chamber.
b 1.0 seconds residence time (RT) in the secondary chamber.
c 2.0 seconds residence time (RT) in the secondary chamber.
d design capacities less than or equal to 200 Ibs/hr.
e design capacities greater than 200 Ibs/hr.

Ib/hr = pounds per hour
kg/yr = kilograms per year
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Table 3-17. CDD/CDF Air Emission Factors for a Crematorium

^"•'\Congener/Congener QroupN

2,3,7,8-TCDD r
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2, 3,4,7, 8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

[ Total CDD/CDF

Mean Facility Emission Factor

Assuming
ND = zero
(ng/body)

28.9
89.6

108
157
197

1,484

206
108
339
374
338
657
135

1,689
104
624

4,396
4,574

501

554
860

2,224
3,180
2,331
4,335
2,563
4,306
2,030

624

23,007

Assuming
ND = 1/2 det limit

(ng/body)

28.9
89.6

108
157
197

1 ,484
2,331

206
117
349
374
338
657
135

1,813
112
624

4,396
4,725

508

554
860

2,224
3,180
2,331
4,335
2,563
4,306 -
2,154

624

23,131

ng/body = nanograms per body

Source: CARB (1990c)
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Ralio (congener emission factor / total CDD/CDF emission factor)
0.02 0.04 0.06 0.08 0.1 0.12

2.3.7,8-TCDD

1 ,2.3.7.8-PcCDD

1.2.3.4.7.8-HxCDD

1.2,3,6.7.8-HxCDD

1 .2.3.7,8.9-HxCDD

1 .2.3,4.6.7.S-HpCDD

I.:.3.4.6,7.8,9-OCDD

2,3.7.8-TCDF

I,2.3.7.8-PcCDF

2.3.4,7.8-PcCDF

1 ,2,3.4.7,S-HxCDF

1 ,2,3,6.7,8-HxCDF

1.2,3,7,8.9-HxCDF

2.3.4,6,7,8-HxCDF

1.2.3,4.6,7,S-HpCDF

1,2,3.4,7,8,9-Hp CDF

1,2,3.4,6,7,8,9-0 CDF

Ratio (congener group emission factor / total CDD/CDF emission factor)
0.05 0.1 0.15

Source: CARS (1990c); nondetects set equal to zero.

Figure 3-14. Congener and Congener Group Profiles for
Air Emissions from a Crematorium
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4.3. OIL COMBUSTION

Two major categories of fuel oil are burned by combustion sources: distillate oils

and residual oils. These oils 'are further distinguished by grade numbers, with Nos. 1 and 2

being distillate oils; Nos. 5 and 6sjpeing residual oils; and No. 4 either distillate oil or a

mixture of distillate and residual oils. No. 6 fuel oil is sometimes referred to as Bunker C.

Distillate oils are more volatile and less viscous than residual oils. They have negligible

nitrogen and ash contents and usually contain less than 0.3 percent sulfur (by weight).

Distillate oils are used mainly in domestic and small commercial applications. Being more

viscous and less volatile than distillate oils, the heavier residual oils (Nos. 5 and 6) must be
t- \ \. *

heated for ease of handling and to facilitate proper atomization. Because residual oils are

produced from the residue remaining after the lighter fractions (gasoline, kerosene, and

distillate oils) are removed from the crude oil, they contain significant quantities of ash,

nitrogen, and sulfur. Residual oils are used mainly in utility, industrial, and large commercial

application (U.S. EPA, 1995b).

4.3.1. Residential/Commercial Oil Combustion

No testing of the CDD/CDF content of air emissions from residential/commercial oil-

fired combustion units in the United States could be located. However, U.S. EPA (1997b)

has estimated CDD/CDF congener group and TEQ emission factors based on average

CDD/CDF concentrations reported for soot samples from 21 distillate fuel oil-fired furnaces

used for central heating in Canada, and a particulate emission factor for distillate fuel oil

combustors (300 mg/L of oil) obtained from AP-42 (U.S. EPA, 1995b). The TEQ emission

factor estimate in U.S. EPA (1997b) was derived using the calculated emission factors for

2,3,7,8-TCDD, 2,3,7,8-TCDF, and the 10 congener groups. These emission factors are

presented in Table 4-13, and the congener group profile is presented in Figure 4-6.

Because there are no direct measurements of CDD/CDF emissions in stack gases

from U.S. residential oil-fired combustors and because of uncertainties associated with

using chimney soot data to estimate stack emissions, no national emission estimates for

this category are proposed at this time. However, a preliminary order of magnitude

estimate of national TEQ emissions from this source category can be derived using the

emission factor presented in Table 4-13 (150 pg TEQ/L of oil combusted). Distillate fuel oil

sales to the residential/commercial sector totaled 39.7 billion liters in 1 995 (EIA, 1 997a).
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Application of the TEQ emission factor of 1 50 pg TEQ/L to this fuel oil sales estimate

results in estimated TEQ emissions of 6.0 g TEQ in 1995, which, when rounded to the

nearest order of magnitude to emphasize the uncertainty in this estimate, results in a value

of 10 g TEQ/yr. This estimate^shoUld be regarded as a preliminary indication of possible

emissions from this source category; further testing is needed to confirm the true

magnitude of the emissions.

4.3.2. Utility Sector and Industrial Oil Combustion

Preliminary CDD/CDF emission factors for oil-fired utility boilers developed from
•' ,* U

boiler tests conducted over the past several years are reported in U.S. EPA (1995c). The

data are a composite of various furnace configurations and APCD systems. Table 4-14 lists

the median emission factors presented in U.S. EPA (1995c; 1997b). The congener and

congener group profiles based on these data are presented in Figure 4-7. The median TEQ

emission factor was reported to be 314 pg/L of oil burned.

In 1993, the Electric Power Research Institute (EPRI) sponsored a project to gather

information of consistent quality on power plant emissions. This project, the Field

Chemical Emissions Measurement (FCEM) project, included testing of two cold side ESP-

equipped oil-fired power plants for CDD/CDF emissions (EPRI, 1994). The averages of the

congener and congener group emission factors reported for these two facilities are also

presented in Table 4-14. The average TEQ emission factor is 95.5 pg/L of oil burned when

nondetected values are treated as zero (170 pg/L when nondetected values are treated as

one-half the detection limit). ;

The TEQ emission factor reported in EPRI (1 994) is a factor of three less than the

median TEQ emission factor reported in U.S. EPA (1 995c; 1 997b). For purposes of this

assessment, an emission factor of 200 pg/L (i.e., the average of 95.5 and 314 pg/L) is

assumed to be current best estimate of the average TEQ emission factor for

utility/industrial oil burning. This estimate is assigned a "low" confidence rating.

TEQ emission factors an order of magnitude larger were reported by Bremmer et al.

(1994), based on measurements of CDD/CDF emission from three stationary used oil

combustion units and from a ferry fired with a blend of used and virgin oil. Flue gases from

a garage stove consisting of an atomizer fueled by spent lubricating oil from diesel engines
o

(35 rng CIVkg) were reported to contain 0.1 ng TEQ/Nm (or 2 ng TEQ/kg of oil burned).
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The flue gases from a hot water boiler consisting of a rotary cup burner fueled with the

organic phase of rinse water from oil tanks (340 mg ClVkg) contained 0.2 ng TEQ/Nm3 (or

4.8 ng TEQ/kg of oil burned^ The flue gases from a steam boiler consisting of a rotary cup
^"\ •»burner fueled by processed^spenCoil (240 mg ClVkg) contained 0.3 ng TEQ/Nm (or 6.0 ng

V

TEQ/kg of oil burned). The emission rate from the ferry (heavy fuel oil containing 11 ng/kg

organic chlorine) was 3.2 to 6.5 ng TEQ/kg of oil burned. From these data, Bremmer et al.

(1 994) derived an average emission factor for combustion of used oil of 4 ng TEQ/kg of oil

burned.

Bremmer et al. (1994) also reported measuring CDD/CDF emissions from a river
* \ \ \barge and a container ship fueled with gas oil (less than 2 ng/kg of organic chlorine). The

exhaust gases contained from 0.002 to 0.2 ng TEQ/Nm3. From these data, Bremmer et al.

(1994) derived an average emission factor for inland oil-fueled vessels of 1 ng TEQ/kg oil

burned.

Residual fuel oil sales totaled 46.6-billion liters in 1995 and 77.3 billion liters in

1987 (EIA, 1992; 1997a). Vessel bunkering was the largest consumer (48 percent of

sales) followed by electric utilities and the industrial sector. A "high" confidence rating is

assigned to these production estimates. Application of the TEQ emission factor of 200

pg/L to these residual fuel oil sales results in estimated TEQ emissions of 9.3 g TEQ in

1 995 and 1 5.5 g TEQ in 1 987. Based on the "low" confidence rating assigned to the

emission factors, the estimated range of potential emissions is assumed to vary by a factor

of 10 between the low and high ends of the range. Assuming that the estimate of TEQ

emissions in 1 995 (i.e., 9.3 g TEQ) is the geometric mean of the range, then the range is

calculated to be 2.9 to 29 g TEQ/yr. For the year 1987, the range is calculated to be 4.9

to 49 g TEQ/yr.

4.4. COAL COMBUSTION

During 1 995, coal consumption accounted for approximately 22 percent of the

energy consumed from all sources in the United States (U.S. DOC, 1997). In 1995, 872-

mtllion metric tons of coal were consumed in the United States. Of this total, 88.4 percent

(or 771 -million metric tons) were consumed by electric utilities, 11.0 percent (or 96-million

metric tons) were consumed by the industrial sector (including consumption of 30 million

metric tons by coke plants), and 0.6 percent (or 5.3-million metric tons) were consumed by
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residential and commercial sources (EIA, 1997b). Comparable figures for 1987 are: total

consumption, 759-million metric tons; consumption by electric utilities, 651-million metric

tons; consumption by coke plants, 33.5-million metric tons; consumption by other
'5*'*-"̂

industries, 68.2-million metric,.to.ns;;^and consumption by the residential and commercial

sectors, 6.3-million metric tons (EIA, 1995c). These production estimates are assigned a

"high" confidence rating because they are based on detailed studies specific to the United

States.

The following two subsections discuss the results of relevant emission studies for

the utility/industrial and residential sectors and present annual emission estimates.
, i .>

4.4.1. Utilities and Industrial Boilers

Until recently, few studies had been performed to measure CDD/CDF concentrations

in emissions -from coal-fired plants, and several of these studies did not have the congener

specificity and/or detection limits necessary to fully characterize this potential source (U.S.

EPA, 1987a;iNATO, 1988; Wienecke et al., 1992). Recently, the results of testing of coal-

fired .utility and industrial boilers have been reported for facilities in The Netherlands, the

United Kingdom, and the United States.

Bremmer et al. (1 994) reported the results of emission measurements at two coal-

fired facilities in The Netherlands. The emission rate from a pulverized coal electric power

plant equipped with an ESP and a wet scrubber for sulfur removal was reported as 0.02 ng

TEQ/Nm3 (at ;1 1 percent O2) (or 0.35 ng TEQ/kg of coal fired). The' emission rate for a

grass drying chain grate stoker equipped with a cycl6he APCD was reported to be 0.16 ng

TEQ/Nm3 (at 11 percent 02) (or 1.6'ng TEQ/kg 'of coal fired). Cains and Dyke (1994)

recently reported an emission rate of 102 to 109 ng TEQ/kg of coal at a^ small-scale facility

in the United Kingdom that was equipped with an APCD consisting only of a grit arrester .

Umweltbunde'samt (1996) reported that the TEQ content of stack'gases from 16 coal-

burning facilities in Germany ranged from 0.0001 to 0.04 ng TEQ/m3; the data provided in

this report did not enable emission factors to be calculated.

The U.S. Department of Energy sponsored a project in 1993 to assess emissions of

hazardous air pollutants at coal-fired power plants. As part of this project, CDD/CDF stack

emissions were measured at seven U.S. coal-fired power plants. The preliminary results of

this project (i.e., concentrations in stack emissions) were reported by Riggs et al. (1995)
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and are summarized in Table 4-15. The levels reported for individual 2,3,7,8-substituted

congeners were typically not detected or very low (i.e., <0.033 ng/Nm3). In general, CDF

levels were higher than CDD levels. OCDF and 2,3,7,8-TCDF were the most frequently
%,A

detected congeners (i.e.,..at foyKof the seven plants). Table 4-16 presents characteristics
•^ 4"

of the fuel used and APCD employed at each plant. Variation in emissions between plants

could not be attributed by Riggs et al. (1995) to any specific fuel or operational

characteristic.

During the early 1990s, EPRI also sponsored a project to gather information of

consistent quality on power plant emissions. This project, the Field1'Chemical Emissions

rvleasurement (FCEM) project, included testing of four cold-side ESP-equipped coal-fired

power plants for CDD/CDF emissions. Two plants burned bituminous coal and two burned

subbituminous coal. The final results of the DOE project discussed above were integrated

with the results of the EPRI testing and published in 1994 (EPRI, 1994). The average

congener and congener group emission factors derived from this 11 facility data set, as

reported in EPRI (1994), are presented in Table 4-17. Congener and congener group

profiles for the data set are presented in Figure 4-8. The average TEQ emission factor,

assuming nondetected values are zero, is 0.087 ng/kg of coal combusted. The average

TEQ emission rate, assuming nondetected values are one-half the detection limit, is 0.136

ng/kg of coal combusted. A "medium" confidence rating is assigned to these emission

factors because they are based on recent testing at U.S. facilties.

As stated above, consumption of coal by the U.S. utility and industrial sectors

(excluding consumption at coke plants) was 837-million metric tons in 1995 and 719-

million metric tons in 1 987. Applying the TEQ emission factor of 0.087 ng TEQ/kg of coal

combusted to these production factors yields estimated annual emissions of 72.8 g TEQ in

1995 and 62.6 g TEQ in 1987.

Based on the "medium" confidence rating assigned to the estimated TEQ emission

factor, the estimated range of potential emissions is assumed to vary by a factor of five

between the low and high ends of the range. Assuming that the estimated emissions

(assuming nondetected values are zero) of 72.8 g TEQ in 1995 and 62.6 g TEQ in 1987

are the geometric means of these ranges for these years, then the ranges are calculated to

be 32.6 to 163 g TEQ in 1995 and 28 to 1 40 g TEQ in 1987.
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4.4.2. Residential/Commercial Coal Combustion

Coal is usually combusted in underfeed or hand-stoked furnaces in the residential

sector. Other coal-fired heating ijnits include hand-fed room heaters, metal stoves, and
'%.~v

metal and masonry fireplaces, S4;okerVed units are the most common design for warm-air

furnaces and for boilers used for steam or hot water production. Most coal combusted in

these units are either bituminous or anthracite. These units operate at relatively low

temperatures and do not efficiently combust the coal. Coal generally contains small

quantities of chlorine and CDD/CDF; therefore, the potential for CDD/CDF formation exists.

Typically, coal-fired residential furnaces are not equipped with particulatewatter or gaseous

pollutant control devices that may limit emissions of any*CDb/CDFs formed (U.S. EPA,

1997b). No testing of the CDD/CDF content of air emissions from residential/commercial

coal-fired combustion units in the United States could be located. However, several

relevant studies have been performed in European countries.

Thub et al. (1995) measured flue gas concentrations of CDD/CDF from a household

heating system in Germany, fired either with "salt" lignite coal (i.e., total chlorine content

of 2,000 ppm) or "normal" lignite coal (i.e., total chlorine content of 300 ppm). CDD/CDFs

were detected in the flue gases generated by combustion of both fuel types. (See

Table 4-18.) The congener profiles and patterns were similar for both fuel types, with

OCDD the dominant congener and TCDF the dominant congener group. However, the

emissions were higher for the "salt" coal (0.109 ng TEQ/m3 or 2.74 ng TEQ/kg of coal) by

a factor of eight than for the "normal" coal (0.01 5 ng TEQ/m3 or 0.34 ng TEQ/kg of coal).

Eduljee and Dyke (1996) used the results of testing performed by the Coal Research

Establishment in the United Kingdom to estimate emission factors for residential coal

combustion units as follows:

• Anthracite coal: 2.1 ng TEQ/kg of coal; and

• Bituminous coal: 5.7 to 9.3 ng TEQ/kg of coal (midpoint of 7.5 ng TEQ/kg).

CDD/CDF emission factors for coal-fired residential furnaces were estimated in U.S.

EPA (1997b) based on average particulate CDD/CDF concentrations from chimney soot

samples collected from seven coal ovens, and particulate matter emission factors specific

to anthracite and bituminous coal combustion obtained from AP-42 (U.S. EPA, 1995b).

The TEQ emission factors estimated in U.S. EPA (1997b) (i.e., 68.0 and 98.5 ng TEQ/kg of

anthracite and bituminous coal, respectively) were derived using the calculated emission
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factors for 2,3,7,8-TCDD 2,3,7,8-TCDF, and the 10 congener groups. U.S. EPA (1997b)

stated that the estimated factors should be considered to represent maximum emission

factors, because soot may not be representative of the particulate matter actually emitted
\

to the atmosphere. These emis"s1oi\factors are presented in Table 4-18, and congener
.--*-, V

group profi les are presented in Rgure 4-9.

Although the congener group profiles of the Thub et al. (1995) measurements and

the U.S. EPA (1 997b) estimates are similar, the TEQ emission factors differ by factors of

1 75 to 289 between the two studies. The emission factors used by Eduljee and Dyke

(1996) to estimate national annual emissions of CDD/CDF TEQs from residential coal

combustion in the United Kingdom fall in between those ptfier two sets of estimates but

are still about one to two orders of magnitude greater than the estimated emissions factor

from industrial/utility coal combustors.

Because there are no direct measurements of CDD/CDF emissions from U.S.

residential coal-fired combustors and because of uncertainties regarding the comparability

of U.S. and German and British coal and combustion units, no national emission estimate

for this category is proposed at this time. However, a preliminary order of magnitude

estimate of national TEQ emissions from this source category can be derived using the

emission factors of Eduljee and Dyke (1996). As noted above, 5.3-million metric tons of

coal were consumed by the residential/commercial sector in 1995 (U.S. DOC; 1997). U.S.

EPA (1997b) reports that 72.5 percent of the coal consumed by the residential sector in

1990 were bituminous and 27.5 percent were anthracite. Assuming that these relative

proportions reflect the actual usage in 1995, then application of the emission factors from

Eduljee and Dyke (1996) (i.e., 2.1 ng TEQ/kg of anthracite coal and 7.5 ng TEQ/kg of

bituminous coal) to the consumption value of 5.3-million metric tons results in an estimated

TEQ emission of 32.0 g TEQ in 1995, which, when rounded to the nearest order of

magnitude to emphasize the uncertainty in this estimate, results in a value of 10 g TEQ/yr.

This estimate should be regarded as a preliminary indication of possible emissions from this

source category; further testing is needed to confirm the true magnitude of these

emissions.
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Ratio (coneencr group emission factor / total CDD/CDF emission factor)
O.f 0.2 0.3 0.4

Source: U.S. EPA (1995c)

Figure 4-6. Congener Group Profile for Air Emissions from Residential Oil-fueled Furnaces
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Table 4-14. CDD/CDF Emission Factors for Oil-Fired Utility/Industrial Boilers

Congener/Congener Group

2,3,7,8-TCDD -"
1,2,3,7,8-PeCDD
1, 2,3,4,7, 8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDO

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2, 3,4,7, 8-HxCDF
1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

U.S. EPA (1997b)
V.--V Median

.^Emission Factor
V ' (pg/Loil)

117
104
215
97
149
359
413 .,

83
77
86
109
68
104
86
169
179
179

1,453
1,141
314

102
104
145
359
413
90
131
172
27
179

1,722

EPRK1994)
Mean Emission Factor ||

ND = zero
(pg/L oil)

0
24.7
63.3
65.8
79.7
477

U\ 2055

0
64.1
49.3
76.5
35.4

0
23.8
164
0
0

2,766
414
95.5

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

3,179

ND = 1/2 DL
(pg/L oil)

26.6
43.1
108
79.3
102
546

2141

35.7
73.9
59.6
94.9
45.2
37.7
42.2
218
137
139

3,047
883
170

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

3,931

Sources:
U.S. EPA (1997b) - number of facilities not reported.
EPRI (1994) - based on two cold side ESP-equipped power plants.

Note: Assumes a density for residual fuel oil of 0.87 kg/L.
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Ratio Factor (congener eml t i l on factor / total CDD/CDF emi«*lon factor>
O 0.05 0.1 0.15 0.2

2.3.7.8-TCDD

1,2.3.7.8-PoCDD

1,2.3.4,7.8-HxCDD

1 .2.3.<S.7.8-HxCDD

1 .2.3.7.8.S>-HxCDD

1 .Z,3.4.6.7.8-HpCDD

1 .2.3.4.6.7.8.9-OCDD

2.3.7.8-TCDF

1.2.3.7.8-PeCDF

2.3.4.7.8-PcCDF

J ,2,3.4.7.8-HxCDF

1 ,2.3.6.7.8-HxCDF

1 ,2,3.7,8,9-HxCDF

2.3.4,6,7,8-HxCDF

1 ,2,3.4,6,7.8-HpCDF

1 ,2,3.4,7.8.5>-HpCDF

1 .2,3.4.6.7.8.9-0 CDF

Ratio (congener group emission factor / total CDD/CDF emission factor)
0 0.05 0.1 0.15 0.2 0.25

Source: U.S. EPA (1995c; 1997b)

Figure 4-7. Congener and Congener Group Profiles for Air Emissions from Industrial Oil-fueled Boilers
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Table 4-15. CDD/CDF Concentrations in Stack Emissions from U.S. Coal-Fired Power Plants

Congener/Congener
Group

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3 ,4 ,7 ,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1 , 2 , 3 , 4 , G , 7 , 8 - H p C D D '
OCDD

2,3 ,7 ,8 -TCDF
1,2,3,7,8-PeCDF
2,3,4 ,7 ,8-PcCDF
1 ,2,3,4,7,8-HxCDF
1 ,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

Plant 1
(pg/Nm3)

ND ( 3 .5 )
ND (0.56)
ND (0.56)
ND (0.44)
ND (0.56)
ND ( 1 . 7 )
ND (12)

ND ( 1 .7 )
ND (1 .0)

2.4
3.3
1.1

ND (0.44)
ND (2.0)

2.0
ND (0.63)

5.6

0
14

1.8
ND (1.0)

1.3
3,4

ND (12)
ND (5.2)

5.4
7.6
4.3
5.6

29

Plant 2
(pg/Nm3)

ND (3 .5 )
ND (4.8)
ND (5.7)

5.0
4.9
29
32

8.1
ND (5 .7)
ND (19)

16
ND (5.0)

1 1
ND (4.2)

29
ND ( 6 .1 )

33

71
97

12 '
4.4
18
45
32
29
33
39 "
34
33

279

Plant 3
(pg/Nm3)

1.0
ND (1,8)
ND (3.6)
ND (1.8)
ND (1 .8 )
ND (1.8)
ND (14)

7.8
7.2
6.6
8.4
2.9

ND (1.8)
3.0
6.0

ND (3.6)
2.4

1
44.3

12"
6.0
2.7

ND (2.4) .
ND(14)

78
61
29
9.0
2.4

200.1

Plant 4
(pg/Nm3)

ND (2.0)
ND (10)
ND (10)
ND (10)
ND (10)
ND (10)
ND (20)

ND (2.0)
ND (10)
ND (10)
ND (10)
ND (10)
ND (10)
ND (10)
ND (10)
ND (10)
ND (20)

0
0

NR
ND (10)
ND (10)
ND (10)
ND (20)
ND (2)

ND (10)
ND (10)
ND (10)
ND (20)

0

Plant 5
(pg/Nm3)

ND (3.3)
ND (4.7)

ND (1 5.4)
ND (9.9)

ND ( 1 2 . 1 )
ND (26.4)
ND (131)

ND (3.3)
ND (3.2)
ND (3.2)

ND (16.4)
ND (5.8)
ND (8.8)

ND (16.4)
ND (23)

ND (15.4)
ND (131)

0-
0 -

6.7
ND (4.7)

ND (26.3)
ND (26.4)
ND (131)
ND (3.3) •"
ND (6.6)

ND (16.4)
ND (29.5)
ND (131)

6.7

Plant 6
(pg/Nm3)

ND (2.6)
ND (3.2) '
ND (2 .7)
ND (4.2)
ND (4/3)

4.3
20

13
ND (5 .7)
ND (4.8)
ND (5 .1)
ND (4.0)
ND (6.9)
ND (2.5)
ND (30)
ND (5.0)
ND (19)

24.3
13

ND (2.6)
ND (3.2)
ND (4.0)
ND (14)

20
88
14

ND (5.0)
ND (20)
ND (19)

122

Plant 7
(pg/Nm3)

ND (1.7)
ND (1.8)
ND (2.0)
ND (1.4)
ND (1 .2)

2.4
21.6

\ 0.. 7
/'Nff (1 .1 )
VN0 (1.4)
'ND (1 .8)
ND (1 .3)
ND (1 .5)
ND (2.0)
ND (2.2)
ND (2.1)

11.4

24
12.1

ND (55)
ND (32)
ND (24)
ND (8.1)

21.6
ND (37)

3.0
ND (27)

2.9
11.4

38.9

ND = Not detected; value in parentheses is the detection limit.
NR = Not reported; suspected contamination problem.
Source: Riggs et a!. (1995)
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Table 4-16. Characteristics of U.S. Coal-Fired Power Plants Tested by DOE

Plant
No. '

1

2

3

4

t 5

6

7

.•''
Coal Type , .-

Bituminous
£

Bituminous

Subbituminous

Subbituminous

Bituminous

Lignite

;Bituminous

Coal
^^Chlorine

Content

\(rfig/kg)

800

1,400

300

390

1 ,400

400

1,000

Temperature (°C) at:

Pollution Control Device3

ESP

160

130

--

-_

130 ,

170

150

Bag

_ _

_ _

150

70

L> -

-.

-

FGD

_ _

_ _

-_

, 130

120

170

-

Stack

160

130

150

75

40

110

150

a ESP = Electrostatic precipitator, Bag = Baghouse, FGD = Flue gas desulfurization system.

Source: Fttggs et al. (1995).
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Table 4-17. CDD/CDF Emission Factors for Coal-Fired Utility/Industrial Power Plants

Congener/Congener Gro3p"*\
-*\ V

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD *
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7',8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7, 8, 9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

Mean Emission Facto

ND = zero
(ng/kg coal)

0.007
0
0

0.005
0.005
0.216
0.517

0*1 09>
0.008
0.075
0.110
0.016
0.015
0.054
0.354
0.097
0.159

0.750
0.997
0.087

0.076
0.027
0.060
0.106
0.517
0.230
0.347
0.209
0.127
0.159

1.86

r

ND = 1/2 DL
(ng/kg coal)

0.020
0.018
0.038
0.031
0.039
0.241

> 0.648

0.117
0.025
0.085
0.136
0.031
0.043
0.075
0.385
0.126
0.281

1.035
1.304
0.136

0.078
0.029
0.060
0.120
0.648
0.250
0.223
0.209
0.133
0.281

2.03

Source: EPRI (1 994) - 11 facility data set.
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Ratio (congener emission factor / total COD/CDF emission factor)
O . O I O.O2 O.O3 O.O4 O.Oi O.O6 D.O7 O.08

2,3.7.8-TCDD

1,2.3.7,8-PeCDD

1.2.3.4.7.g-HxCDD

1 ,2.3,6.7.8-HxCDD

1 .2.3.7,8.9-HxCDD

1 ,2.3.4.6,7,8-HpCDD

1 .2.3.4.6,7.8,9-OCDD

2,3.7,8-TCDF

1,2.3.7.8-PeCD.F

2.3.4,7,8-PeCDF

1.2.3,4.7,8-HxCnF

1.2.3.6,7.8-HxCDF

1.2.3.7.8.9-HxCDF

2.3.4.6,7.8-HxCDF

1 .2.3,4.6,7.8-HpCDF

1 .2,3,4,7.8.9-HpCDF

1.2.3 .4.6,7.8.9-0CDF

Ratio (congener group emission factor / total CDD/CDF emission factor)
0.05 0.1 0.15 0.2 0.25 0.3 0.3:!

Source: BPU (1994); MAd»1»<u

Figure 4-8. Congener and Congener Group Profiles for Air Emissions
from Industrial/Utility Coal-fueled Combustors
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Table 4-18. CDD/CDF Emission Factors from Residential Coal Combustors

Congener/Congener Group

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6/7,8-HxCDF
1,2,3,7',8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4.6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

"Salt" Lignite
Ref. A

(ng/kg coal)

0.58
0.£0,,,

ft.63 -A,
0.6B '
0.40
3.24
16.19

2.49
2.24
2.09
0.38
1.86
0.07
1.01
2.59
0.25
0.63

22.37
13.60
2.74

14.23
14.15
11.14
7.06
16.19
80.34
29.21
12.72
3.87
0.63

189.5

"Normal" Lignite
Ref. A

(ng/kg coal)

0.06
O.O8
0.06
0.09
0.06
0.59
2.42

0.50
0.43
0.31
0.13
0.36
0.02 ,
0.12
0.95
0.06
0.30

3.38
3.20
0.34

9.00
2.22
1.81
0.82
2.42

20.33
8.98
3.78
1.27
0.30

50.93

Anthracite
Ref. B

(ng/kg coal)

1.60
NR
NR
NR
NR
NR
77

42.0
NR
NR
NR
NR

\ . \ NR
NR
NR
NR
4.2

NR
NR

60.0

61.6
31
60
57
77

412
340
130
32
4.2

1,205

Bituminous
Ref. B

(ng/kg coal)

2.40 .
NR
NR
NR
NR
NR
120

63.0
NR '
NR
NR
NR
NR
NR
NR
NR
6.3

NR
NR

98.5

92.4
46
90
86
120
613
550
190
47
6.3

1',841

Sources: Ref A: Thub et al. (1995); listed results represent means of three flue gas samples:
Ref B: U.S. EPA (1997b); based on average particulate CDD/CDF concentrations from chimney

soot samples collected from seven coal ovens and particulate emission factors for
anthracite and bituminous coal combustion. •:

NR = not reported. '. - '

4-55 April 1998



DRAFT-DO NOT QUOTE OR CITE

Ratio (congener group emission factor / total CDD/CDF emission factor)
0.2 0.3 0.4

Anthracite (U.S. EPA, 1997b) 'ml Bituminous (U.S. EPA, 1997b)

Figure 4-9. Congener Group Profile for Air Emissions from Residential Coal-fueled Combustors
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scrap wire recovery facilities. However, a recent inventory of CDD/CDF sources in the San

Francisco Bay area noted that two facilities in the Bay area thermally treat electric motors

to recover electrical windings (BAAQMD, 1996).
\_

In addition to releases fro)m-{Bgulated recovery facilities, CDD/CDF releases from
,"*> **N

small-scale burning of wire^at'unregulated facilities and open air sites have occurred; the

current magnitude of small-scale, unregulated burning of scrap wire in the United States is

not known. For example, Harnly et al. (1995) analyzed soil/ash mixtures from three closed

metal recovery facilities and from three closed sites of open burning for copper recovery

near a California desert town. The geometric mean of the total CDD/CDF concentrations at

the facility sites and the open burning sites was 86,000 and 48,500 ng/kg, respectively.
\ i - *

The geometric mean TEQ concentrations were 2,900- and 1,300-ng TEQ/kg, respectively.

A significantly higher geometric mean concentration (19,000-ng TEQ/kg) was found in fly

ash located at two of the facility sites. The congener-specific and congener group results

from this study are presented in Table 7-7. The results show that the five dominant

congeners in the soil/ash samples at both the facility and open burning sites were OCDF,

1,2,3,4,6,7;8-HpCDF, 1,2,3,4,7,8-HxCDF, and 2,3,7,8-TCDF. A slightly different profile

was observed in the fly ash samples with 1,2,3,7,8-PeCDF and 1,2,3,4,7,8,9-HpCDF

replacing OCDD, and 2,3,7,8-TCDF as dominant congeners.

Van Wijnen et'al. (1992) reported similar results for soil samples collected from

unpermitted former scrap wire and car incineration sites in The Netherlands. Total

CDD/CDF concentrations in the soil ranged from 60 to 98,000 ng/kg, with 9 of the 1 5 soil

samples having levels above 1,000 ng/kg. Chen et al. (1986) reported finding high levels

of CDD/CDFs in residues from open air burning of wire in Taiwan, and Huang et al. (1992)

reported elevated levels in soil near wire scrap recovery operations in Japan. Bremmer et

al. (1 994) estimated an emission rate to air of 500-ng TEQ/kg of scrap for illegal,

unregulated burning of cables in The Netherlands.

7.6. DRUM AND BARREL RECLAMATION FURNACES

Hutzinger and Fiedler (1991b) reported detecting CDD/CDFs in stack gas emiss:ons

from drum and barrel reclamation facil it ies at levels ranging from 5 to 27 ng/m3. EPA

measured dioxin-like compounds in the stack gas emissions of a drum and barrel

reclamation furnace as part of the National Dioxin Study (U.S. EPA, 1987a).
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Drum and barrel reclamation furnaces operate a burning furnace to thermally clean

used steel 55-gallon drums of residues and coatings. The drums processed at these

facilities come from a variety of sources in the petroleum and chemical industries. The

thermally cleaned drums are tr^n.,iepaired, repainted, relined, and sold for reuse. The drum

burning process subjects usecT'tirums to an elevated temperature in a tunnel furnace for a

sufficient time so that the paint, interior linings, and previous contents are burned or

disintegrated. The furnace is fired by auxiliary fuel. Used drums are loaded onto a

conveyor that moves at a fixed speed. As the drums pass through the preheat and ignition

zone of the furnace, additional contents of the drums drain into the furnace ash trough. A

drag conveyor moves these sludges and ashes to a collection pit. The drums are air cooled
f \ \ \ •

as they exit the furnace. Exhaust gases from the burning furnace are typically drawn

through a breeching fan to a high-temperature afterburner.

The afterburner at the facility tested by EPA operated at an average of 827°C during

testing and achieved a 95 percent reduction in CDD/CDF emissions (U.S. EPA, 1987a).

Emission factors estimated for this facility are presented in Table 7-8. Based on the

measured congener and congener group emissions, the average TEQ emission factor was

estimated in U.S. EPA (1 997b) to be 49.4-ng TEQ per drum. The congener group profile is

presented in Figure 7-6.

Approximately,2.8- to 6.4-million 55-gallon drums are incinerated annually in the

United States (telephone conversation between P. Rankin, Association of Container

Reconditioners, and C. D'Ruiz, Versar, Inc., December 21, 1992). This estimate is based

on the following assumptions: (1) 23 to 26 incinerators are currently in operation; (2) each

incinerator, on average, handles 500 to 1,000 drums per day; and (3) on average, each

incinerator operates 5 days per week, with 14 days downtime per year for maintenance

activities. The weight of 55-gallon drums varies considerably; however, on average, a

drum weighs 38 Ibs (or 17 kg); therefore, an estimated 48- to 109-million kg of drums are

estimated to be incinerated annually. Assuming that 4.6-milljon drums are burned each

year (i.e., the midpoint of the range) and applying the mean emission factor developed

above (i.e., 49.4-ng TEQ per drum), the estimated annual emission of TEQ is 0.23 grams

per year of TEQ. No activity level data are available that would enable annual emission

estimates to be made specifically for reference years 1987 and 1995.
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A "low" confidence rating is assigned to the activity level estimate because it is

based an expert judgement rather than a published reference. A "low" confidence rating is

also assigned to the emission^actor, because it was developed from stack tests conducted

at just one U.S. drum and balYeJ furnace and, thus, may not represent average emissions
/ '

from current operations:in the United States. Based on these confidence ratings, the

estimated range of potential annual emissions is assumed to vary by a factor of 10

between the low and high ends of the range. Assuming that the best estimate of annual

emissions (0.23-g TEQ/yr) is the geometric mean of this range, then the range is calculated

to be 0.07- to 0.73-g TEQ/yr.
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Table 7-7. Geometric Mean CDD/CDF Concenir.nions :n Fly Ash and Ash/Soil at Metal Recovery Sites

Congener/Congener Group .'

r
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1, 2,3,6, 7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2, 3,4,6,7, 8-HpCDD
OCDD

2,3,7,8-TCDF
- 1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2, 3,6,7, 8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total TCDD
Total PeCDD
Total HxCOD
Total HpCDD
Total OCDD'
Total TCDF
Total PeCDF . -
Total HxCDF
Total HpCDF
Total OCDF

Total TEQ
Total CDD/CDF

4 Metal Recovers Facilities

'V
~ Fly>^sh (2 sites)

Ge'om.
mean

0'9/kg)

•

400
1,200
2,300
1,700

12,000
18,000

15,000
35,000
10,000
40,000
12,000
5,000
5,000

71,000
25,000
100,000

.

2,000
4,000
24,000
18,000
23,000
110,000
88,000
110,000
100,000

19,000
510,000

Relative %
of Total

CDD/CDF

0.1%
0.2%
0.5%
0.3%
2.4%
3.5%

2.9%
6.9%
2.0%
9.0%
2.4%
1.0%
1.0%

13.9%
4.9%

19.6%

.

0.4%
0.8%
4.7%
3.5%
4.5%

• 21.6%
17.3%
21.6%
19.6%

Ash/Soi (3 sites)

Geom.
mean

(;'9/kg)

•

0.24
0.25
0.49
1.3
2.6
7.2j ,

6.4
2.9
1.4

5.9
1.8
0.92
1.6

12
3

14

.

1.4
2.7
4.1

7.2
14

12
12
17
14

2.9
85

Relative %
of Total

CDD/CDF

0.3%
0.3%
0.6%
1.5%
3.1%
8.5%

7.5%
3.4%
1.6%
6.9%
2.1%
1.1%
1.9%

14.1%
3.5%

16.5%

.

1.6%
3.2%
4.8%
8.5%

16.5%
14.1%
14.1%
20.0%
16.5%

Open Burn Sites

Ash/Soi (3 sites)

Geom.
mean

0'9/kg)

•

0.24
0.13
0.33
0.39
1.2
3.4

1.7
0.58
0.66
2.7

0.76
0.66
0.49
4.3
0.71
6.6

*

2.8
0.98
2.0

3.4
5.6

7.0
7.6
7.4

6.6

1.3
48.5

Relative %
of Total

CDD/CDF

0.5%
0.3%
0.7%
0.8%
2.5%
7.0%

3.5%
1.2%
1.4%
5.6%
1.6%
1.4%
1.0%
8.9%
1.5% -

13.6%

•

5.8%
2.0%
4.1%
7.0%

11.5%
14.4%
15.7%
15.3%
13~6%

* = Analytical method utilized had low sensitivity for TCDDs; resu^_s were not reported.

Source: Harnly et al. (1995)
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Table 7-8. CDD/CDF Emission Factors for a Drum and Barrel Reclamation Furnace

•1

Congener/Congener jGroup\

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD #
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF

I Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

Mean Facility
Emission Factor3

(ng/drum)

2.09
NR
NR
NR
NR
NR

37.5

, \ \ 36-5

NR
NR
NR
NR
NR
NR

NR
NR

22.4

NR
NR

49. 4b

50.29
29.2
32.2
53.4
37.5
623
253
122
82.2
22.4

1,303

NR = Not reported.

3 No nondetected values were reported for 2,3,7,8-TCDD, 2,3,7,8-TCDF, or any congener group in
the three test runs.

b Estimated in U.S. EPA (1995c) based on the measured congener and congener group emissions.

Source: U.S. EPA (1987a).
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Ratio (congener group emission factor / total CDD/CDF emission factor)
O.I " 0.2 0.3 0.4 0.5 0.6

Source: U.S. EPA (1987a)

Figure 7-6. Congener Group Profile for Air Emissions from a Drum Incinerator
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8. CHEMICAL MANUFACTURING AND PROCESSING SOURCES

8.1. BLEACHED CHEMICAL WOOD PULP AND PAPER MILLS
•̂

In March of 1988, EPA^'fi^the U.S. pulp and paper industry jointly released the
.--*\ "V

results from a screening .study that provided the first comprehensive data on formation and

discharge of CDDs and CDFs from pulp and paper mills (U.S. EPA, 1988a). This early

screening study of f ive bleached kraft mills ("Five Mill Study") confirmed that the pulp

bleaching process was primarily responsible for the formation of the CDDs and CDFs. The

study results showed that 2,3,7,8-TCDD was present in seven of nine,bleach pulps, five of

five? wastevvater treatment sludges, and three of five, treated wastewater effluents. The

study results also indicated that 2,3,7,8-TCDD and 2,3,7,8-TCDF were the principal CDDs

and CDFs formed.

To provide EPA with more complete data on the release of these compounds by the

U.S. industry, EPA and the U.S. pulp and paper industry jointly conducted a survey during

1988 of 104 pulp and paper mills in the United States to measure levels of 2,3,7,8-TCDD

and 2,3,7,8-TCDF in effluent, sludge, and pulp (U.S. EPA, 1990a). This study, commonly

called the 104-Mill Study, was managed by the National Council'of the Paper Industry for

Air and Stream Improvement, Inc. (NCASI) with oversight by EPA, and included all U.S.

.mills where chemically produced wood pulps were bleached with chlorine or chlorine

derivatives. The final study report was released in July 1990 (U.S. EPA, 1990s).

An initial phase of the 104-Mill Study involved the analysis of bleached pulp (10

samples), wastewater sludge (9 samples), and wastewater effluent (9 samples) from eight

kraf t mills and one sulfite mill for all 2,3,7,8-substituted CDDs and CDFs. These analyses

were conducted to test the conclusion drawn in the Five-Mill Study that 2,3,7,8-TCDD and

2,3,7,8-TCDF were the principal CDDs and CDFs found in pulp, wastewater sludge, and

wastewater.effluent on a toxic equivalents basis. Although at the time of this study there

were no reference analytical methods for many of the 2,3,7,8-substituted CDDs/CDFs, the

data obtained were considered valid by EPA for the purposes intended based upon the

identification and quantification criteria used, duplicate sample results, and limited matrix

spike experiments. Table 8-1 presents a summary of the results obtained in terms of the

median concentrations and the range of concentrations observed for each matrix (i.e., pulp,

sludge, and effluent). Figures 8-1 through 8-3 present congener profiles for each matrix
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(normalized to total CDD/CDF and to total TEQ) using the median reported concentrations.

Based on examination of the raw, mill-specific data, EPA (1990a) concluded that the

congener profiles were fairly qonsistent across matrices within mills and that 2,3,7,8-TCDD

and 2,3,7,8-TCDE account for irieVnajority of TEQ in the samples. Using the median
•**•> :*

concentrations and treating nondetected values as either zero or the detection limit, EPA

(1990a) demonstrated that 2,3,7,8-TCDD and 2.3,7,8-TCDF accounted for 92.8 to 99.0

percent of the total TEQ found in pulp, 92.7 to 95.8 percent of the TEQ in sludge, and

72.7 to 91.7 of the TEQ in effluent.

A similar full-congener analysis study was reported by NCASI for samples collected

frorrbeight mills during the mid-1990s (Gillespie, 1 997).^ The results of these analyses are

presented in Table 8-2. The frequencies of detection of 2,3,7,8-TCDD and 2,3,7,8-TCDF

were significantly lower than in the previous 1983 study. Therefore, deriving meaningful

summary statistics concerning the relative importance of 2,3,7,8-TCDD and 2,3,7,8-TCDF

to the total TEQ is difficult. Treating all nondetected values as zero indicates that 2,3,7,8-

TCDD and 2,3,7,8-TCDF may account for 91 percent of the total effluent TEQ, 46 percent

of the total sludge TEQ, and 87 percent of the total pulp TEQ. Because of the high

frequency of nondetects, treating all nondetected values as the detection limits indicates

that 2,3,7,8-TCDD and 2,3,7,8-TCDF account for only 1 2 percent of the total effluent

TEQ, 14 percent of the total sludge TEQ, and 1 2 percent of the total pulp TEQ.

In 1992, the pulp and paper industry conducted its own NCASI-coordinated survey

of 2,3,7,8-TCDD and 2,3,7,8-TCDF emissions. The collected data were summarized and

analyzed in a report entitled Summary of Data Reflective of the Pulp and Paper Industry

Progress in Reducing the TCDD/TCDF Content of Effluents, Pulps, and Wastewater

Treatment Sludges (NCASI, 1993). Ninety-four mils participated in the NCASI study, and

NCASI assumed that the remaining 10.(of 104) operated at the same levels as measured in

the 1988 104 Mill Study. All nondetected values were counted as half the detection limit.

If detection limits were not reported, they were assumed to be 10 ppq for effluent and 1

ppt for sludge or bleached pulp. The data used in the report were provided by individual

pulp and paper companies that had been requested by NCASI to generate the data using

the same protocols used in the 104-Mill Study. NCASI (1993) reported that the pulp and

paper industry had taken numerous steps to reduce CDD/CDF releases since 1988, and that
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the 1992 survey results were more reflective of releases at the end of 1992 than the data

generated in the 104-Mill Study.

As part of its ongoing effbrts to develop revised effluent guidelines and standards
*^\

for the pulp, paper, and paperbp^rd-industry, EPA in 1993 published the Development
\

Document for the guidelines' and standards being proposed for this industry (U.S. EPA,

1993d). The Development Document presents estimates of the 2,3,7,8-TCDD and 2,3,7,8-

TCDF annual discharges in wastewater from the mills in this industry as of January 1,

1993. EPA used the most recent information about each mill from four data bases (104-

Mill Study, EPA short-term monitoring studies at 1 3 mills, EPA long-term'monitoring studies

at 8 mills, and industry self-monitoring data submitted tb EF*A) to estimate these

discharges. The 104-Mill Study data were used only for those mills that did not report

making any process changes subsequent to the 104-Mill Study and did not submit any

more recent effluent monitoring data.

Gillespie (1994; 1995) reported the results of 1993 and 1994 updates, respectively,

to the 1992 NCASI survey. As was the case in the 1992 survey, companies were

requested to follow the same protocols for generating data used in the 104-Mill Study. -

Gillespie (1994; 1995) reported that less than 10 percent of mills had 2,3,7,8-TCDD and

2,3,7,8-TCDF concentrations in effluent above the nominal detection limits of 10 ppq and

100 ppq, respectively. Similar results were obtained in the short- and long-term sampling

reported for 18 mills in U.S. EPA (1993d); 2,3,7,8-TCDD was detected at four mills, and

2,3,7,8-TCDF was detected at nine mills. Gillespie (1994) reported that wastewater

sludges at most mills (i.e., 90 percent) contained less than 31 ppt of 2,3,7,8-TCDD and

less than 100 ppt of 2,3,7,8-TCDF. Gillespie (1995) also reported that 90 percent of the

mills reported 2,3,7,8-TCDD and 2,3,7,8-TCDF concentrations in sludge of less than 17 ppt

and 76 ppt, respectively, in 1994. U.S. EPA (1993d) reported similar results but found

detectable levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF in sludges from 64 percent and 85

percent of the facilities sampled, respectively. Gillespie (1994) reported that nearly 90

percent of the bleached pulps contained less than 2 ppt of 2,3,7,8-TCDD and less than 160

ppt of 2,3,7,8-TCDF. Gillespie (1995) reported that 90 percent of the bleached pulps

contained 1.5 ppt or less of 2,3,7,8-TCDD and 5.9 ppt or less of 2,3,7,8-TCDF. The final

levels in white paper products would correspond to levels in bleached pulp, so bleached

paper products would also be expected to contain less than 2 ppt of 2,3,7,8-TCDD.
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Overall, a 92 percent reduction in TEQ generation from 1988 to 1993 was reported by

Gillespie (1994), with an additional 2 percent reduction reported in 1994 by Gillespie

(1995). \
TV *i>-*̂

Estimates of NationalJEmisSions in 1987 and 1995 - The U.S. annual discharges of

2,3,7,8-TCDD, 2,3,7,8-TCDF, and TEQs due to these two compounds are summarized in

Table 8-3 for each qf the five surveys discussed above. The release estimates for 1994

from Gillespie (1995) and 1988 from U.S. EPA (1990a) are believed to best represent

emissions in the reference years 1995 and 1987, respectively. During the period between

the conduct of the 104-Mill Study and the issuance of the U.S. EPA Development

Document (U.S. EPA, 1993d), the U.S. pulp and paper ^irtdustry reduced releases of

CDD/CDFs primarily by instituting numerous process changes to reduce the formation of

CDD/CDFs during the production of chemically bleached wood pulp. Details on the process

changes implemented are provided in U.S. EPA (1993d) and Gillespie (1995). Because

most of the reduction between 1988 and 1994 can be attributed to process changes of a

pollution prevention nature, it should be expected that the percentage reduction observed in

effluent, sludge, and pulp emissions over this time period should be very similar, which is

indeed the case. Observed percentage reductions in emissions are 92 percent, 89 percent,

and 93 percent for effluent, sludge, and pulp, respectively.

The confidence ratings forthese release estimates were judged to be high based on

the fact th'at direct measurements were made et virtually all facilities, indicating a high level

of confidence in both the production and emission factor estimates. Based on these high

confidence-ratings, the estimated ranges of potential annual emissions for effluent, sludge,

and pulp are assumed to vary by a factor of 2 between the low and high ends of the

ranges. Assuming that the best estimates of annual emissions in 1995 (i.e., the 1994

estimates presented in Table 8-3) are the geometric means of the likely ranges, then the

ranges are calculated to be 13.8- to 27.6-g TEQ/yr for effluent, 20.0- to 40.0-g TEQ/yr for

sludge, and 17.0- to 34.0-g TEQ/yr for pulp (i.e., TEQs that will enter the environment in

-the form of paper products).' Assuming that the best estimates of annual emissions in

1987 (i.e., the 1988 estimates presented in Table 8-3) are the geometric means of the

likely ranges, then the ranges are calculated to be 252- to 504-g TEQ/yr for effluent, 243-

to 485-g TEQ/yr for sludge, and 375- to 714-g TEQ/yr for pulp.
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In 1990, the majority of the wastewater sludge generated by these facilities was

landfilled or placed in surface impoundments (75.5 percent), with the remainder incinerated

(20.5 percent), applied to land directly or as compost (4.1 percent), or distributed as a
"'%*'-' -^

commercial product (less thanT pVfcent) (U.S. EPA, 1993e). No more recent (i.e., 1995)
••"% V

or earlier (i.e., 1987) data on disposition of wastewater sludges are available. Using these

statistics, the best estimate of TEQ applied to land (i.e., not incinerated or landfilled) in

1 995 was 1.4 g (i.e., 4.1 percent of 28.4 g), and the range is 1.0- to 2.0-g TEQ/yr. The

central estimate and range for 1987 are 14.1-g TEQ (i.e., 4.1 percent of 343 g) and 10- to

20-g TEQ, respectively. •>

f , \,\ .

8.2. MANUFACTURE OF CHLORINE, CHLORINE DERIVATIVES, AND METAL CHLORIDES

No testing of CDD/CDF emissions to air, land, or water from U.S. manufacturers of

chlorine, chlorine derivatives, and metal chlorides have been reported upon which to base

estimates of national emissions. Sampling of graphite electrode sludges from European

chlorine manufacturers indicates high levels of CDFs. Limited sampling of chlorine

derivatives and metal chlorides in Europe indicates low level contamination in some

products.

8.2.1. Manufacture of Chlorine

Chlorine gas is produced by electrolysis of brine electrolytic cells. Until the late

1970s, mercury cells containing graphite electrodes were the primary type of electrolytic

process used in the chloralkali industry to produce chlorine. As shown in Table 8-4, high

levels of CDFs have been found in several samples of graphite electrode sludge from

facilities in Europe. The CDFs dominate the CDDs in these sludges, and the 2,3,7,8-

substituted congeners account for a large fraction of the respective congener totals (Rappe

et a!., 1990b; Rappe et al., 1991; Rappe, 1993; Stranded et al., 1994). During the 1980s,

titanium metal anodes were developed to replace graphite electrodes (U.S. EPA, 1982a;

Curlin and Bommaraju, 1991). Currently, no U.S. facility.is believed to use graphite

electrodes in the production of chlorine gas (telephone conversation between L. Phillips,

Versar, Inc., and T. Fielding, U.S. EPA, Office of Water, February 1993).

Although the origin of the CDFs in graphite electrode sludge is uncertain,

chlorination of the cyclic aromatic hydrocarbons (such as dibenzofuran) present in the coal
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gas or in samples of 10 percent sodium hypochlorite, 13 percent sodium hypochlorite, and

31-33 percent hydrochloric acid at a detection limit of 1 ^g/kg.

Hutzinger and Fiedler (1*991 a) reported the results of analyses of samples of FeCI2,
V..-X

AICI3, CuCI2, CuCI, SiCI4, and,.TiCf\for their content of HpCDF, OCDF, HpCDD, and OCDD.

The sample of FeCI3 contained HpCDF and OCDF in the low /^g/kg range, but no HpCDD or

OCDD were detected*at a detection limit of 0.02 ^g/kg. One of the two samples of AICI3

analyzed also contained a low /^g/kg concentration of OCDF. The samples of CuCI2 and

CuCI contained sub /vg/kg concentrations of HpCDF, OCDF, and OCDD. The results are

presented in Table 8-5.

f ,t \ .\

8.3. MANUFACTURE OF HALOGENATED ORGANIC CHEMICALS

Several chemical production processes generate CDDs and CDFs (Versar, 1985;

Hutzinger and Fiedler, 1991 a). CDDs and CDFs can be formed during the manufacture of

chlorophenols, chlorobenzenes, and chlorobiphenyls (Versar, 1985; Ree et al., 1988).

Consequently, disposal of industrial wastes from manufacturing facilities producing these

compounds may result in the release of CDDs and CDFs to the environment. Also, the

products themselves may contain these compounds, and when used/consumed, may result

in additional releases to the environment. CDD and CDF congener distribution patterns

indicative of noncombustion sources have been observed in sediments in southwest

Germany and The Netherlands. The congener patterns found suggest that wastes from the

production of chlorinated organic compounds may be important sources of CDD and CDF

contamination in these regions (Ree et al., 1988). The production and use of many of the

chlorophenols, chlorophenoxy herbicides, and PCB products are banned or strictly regulated

in most countries. However, these products may have been a source of the environmental

contamination that occurred prior to the 1970s and may continue to be a source of

environmental releases based on limited use and disposal conditions (Rappe, 1992a).

8.3.1. Chlorophenols

Chlorophenols have been widely used for a variety of pesticidal applications. The

higher chlorinated phenols (i.e., tetrachlorophenol and pentachlorophenol) and their sodium

salts have been primarily used for wood preservation. The lower chlorinated phenols have

been used primarily as chemical intermediates in the manufacture of other pesticides. For
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example, 2,4-dichlorophenol is used to produce the herbicides 2,4-Dichlorophenoxyacetic

acid (2,4-D), 4-(2,4-Dichlorophenoxy)butanoic acid (2,4-DB), 2-(2,4-Dichlorophenoxy)-

propanoic acid (2,4-DP), Nitrophen, Genite, and Zytron, while 2,4,5-trichlorophenol was

used to produce hexachloropWene, 2,4,5-T, Silvex, Erbon, Ronnel, and Gardona (Gilman et
--'-, ^'

al., 1988; Hutzinger and FiedTer, 1991 a). [See Sections 8.3.7 and 8.3.8 for information on

EPA actions to control CDD/CDF contamination of pesticides (including pentachlorophenol
/

and its salts) and to obtain additional data on CDD/CDF contamination of pesticides.]

The two major commercial methods used to produce chlorophenols are: (1)

electrophilic chlorination of molten phenol by chlorine gas in the presence of catalytic

amounts of a metal chloride and organic chlorination promoters and stabilizers; and (2)

alkaline hydrolysis of chlorobenzenes under heat and pressure using aqueous methanolic

sodium hydroxide. Other manufacturing methods include conversion of diazonium salts of

various chlorinated anilines, and chlorination of phenolsulfonic acids and benzenesulphonic

acids, followed by the removal of the sulphonic acid group (Gilman et al., 1988; Hutzinger

and Fiedler, 1991 a).

Because of the manufacturing processes employed, commercial chlorophenol

products can contain appreciable amounts of impurities (Gilman et al., 1988). During the

direct chlorination of phenol, CDD/CDFs can form either by the condensation of tri-, tetra-,

and pentachlorophe'nols or by the condensation of chlorophenols with

hexachlorocyclohexadienone (which forms from excessive chlorination of phenol). During

alkaline hydrolysis of chlorobenzenes, CDD/CDFs can form through chlorophenate

condensation (Ree et al., 1988; Gilman et al., 1988; Hutzinger and Fiedler, 1991 a).

. The limited information on CDD/CDF concentrations in chlorophenols published in

the 1970s and early 1980s was compiled by Versar (1985) and Hutzinger and Fiedler

(1991 a). The results of several major studies cited by these reviewers (Firestone et al.,

1972; Rap'pe et al., 1978a and 1978b) are presented in Table 8-6:. Typically, CDD/CDFs

were not detected in monochlorophenols (MCP) and dichlorophenols (DCP) but were

reported in trichlorophenols (TrCP) and tetrachlorophenols (Te'CP). More recent results of

testing of 2,4-dichlorophenol (2,4-DCP) performed in response to the Toxic Substances

Control Act (TSCA) Dioxin/Furan Test Rule shov/ed no detectable concentrations of

2,3,7,8-substituted tetra- through hepta-CDD/CDFs. Other than a study by Hagenmaier

(1 986) that reported finding 2,3,7,8-TCDD at a concentration of 0.3 /^g/kg in a sample of
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2,3,4,5-tetrachlorophenoI, no more recent data on concentrations of CDDs and CDFs could

be found in the literature for the mono- through tetra-chlorophenols. Tables 8-7 and 8-8

present summaries of several studies that reported CDD/CDF concentrations in PCP and in
4

PCP-Na products, respectivelyV-to^any of these studies do not report congener-specific
,-f-\ "% •

concentrations, and many are Based on products obtained from non-U.S. sources.

Regulatory Actions - Section 8.3.8 of this report describes regulatory actions taken

by EPA to control the manufacture and use of chlorophenol-based pesticides.

In the mid-1980s, EPA's Office of Solid Waste promulgated land disposal

restrictions on wastes under RCRA (i.e., wastewaters and nonwastewaters) resulting from

the rjianufacture of chlorophenols (40 CFR 268). Table^8,-9 lists all wastes in which CDDs

and CDFs are specifically regulated as hazardous constituents by EPA, including

chlorophenol wastes (waste codes F020 and F021). The regulations prohibit the land

disposal of these wastes until they are treated to a level below the routinely achievable

detection limits in the waste extract listed in Table 8-9 for each of the following congener

groups: TCDDs, PeCDDs, HxCDDs, TCDFs, PeCDFs, and HxCDFs. Wastes from PCP-wood

preserving operations (waste codes K001 and F032) are also regulated as hazardous

wastes under RCRA (40 CFR 261).

EPA's Office of Water promulgated effluent limitations for facilities that manufacture

chlorinated phenols and discharge treated wastewater (40 CFR 414.70). These effluent

limitations do not specifically regulate CDDs and CDFs; however, the treatment processes

required to control the chlorinated phenols that are regulated (2-chlorophenol and 2,4,-

dichlorophenol) are also expected to reduce releases of any CDDs and CDFs that may be

present in the untreated wastewater. The effluent limitations for the individual regulated

chlorinated phenols are less than or equal to 39 ^g/L for facilit ies that utilize biological end-

of-pipe treatment.

DCPs and TrCPs are subject to reporting under the Dioxin/Furan Test Rule, which is

discussed in Section 8.3.7 of this report. On the effective date of that rule (i.e., June 5,

1987) and since that date, only the 2,4-DCP isomer has been commercially produced (or

imported) in the United States, and as noted in Table 8-6, no CDD/CDFs were detected in

the product. Testing is required for the other DCPs and TrCPs, if manufacture or

importation resumes. Similarly, TeCPs were subject to reporting under the Dioxin/Furan

Pesticide Data Call-in (DCI) (discussed in Section 8.3.8 of this report). Since issuance of
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the DCI, the registrants of TeCP-containing pesticide products have elected to no longer

support the registration of their products in the United States.

In January 1987, EPA entered into a Settlement Agreement with pentachlorophenol
•1

(PCP) manufacturers, which s*et-lknits on allowed uses of PCP and its salts and set
,'-"\ '"-v

maximum allowable concentrations of 2,3,7,8-TCDD and HxCDDs effect ive in February

1989. Section 8.3.8 discusses the 1987 PCP Settlement Agreement and estimates current
?

releases of CDD/CDFs associated with use of PCP in the United States.

Since the late 1980s, U.S. commercial production of chlorophenols has been limited

to 2,4-dichlorophenol (2,4-DCP) and PCP. As noted above, disposal of wastes generated

during the manufacture of chlorophenols are strictly regulated and thus releases to the

environment are expected to be negligible. With regards to releases associated with the

use of 2,4-DCP, no CDD/CDFs have been detected in 2,4-DCP. Releases associated with

the use of PCP are presented in Sections 8.3.8.

8.3.2. Chlorobenzenes

Chlorobenzenes have been produced in the United States since 1909. U.S.

production operations were developed primarily to provide chemical raw materials for the

production'of phenol, aniline, and various pesticides based on the higher chlorinated

benzenes. 'Due to changes over time in the processes used to manufacture phenol and

aniline, and to the phase-out of highly chlorinated pesticides such as DDT and

hexachlorobenzene, U.S. production of Chlorobenzenes decreased in 1988 to 50 percent of

the peak production level in 1969.

Chlorobenzenes can be produced via three methods: (1) electrophilic substitution of

benzene (in liquid or vapor phase) with chlorine gas in the presence of a metal salt catalyst;

(2) oxidative chlorination of benzene with HCI at 150-300'C in the presence of a metal salt

catalyst; and (3) dehydrohalogenation of hexachlorocyclohexane wastes at 200-240°C with

.a carbon catalyst to produce trichlorbbenzene, which can be further chlorinated to produce

higher chlorinated benzenes (Ree et al., 1988; Hutzinger and Fiedler, 1991 a; Bryant, 1993).

All Chlorobenzenes currently manufactured in the United States are produced using

the electrophilic substitution process using liquid phase benzene (i.e., temperature is at or

below 80°C). Ferric chloride is the most common catalyst employed. Although this

method can be used to produce mono- through hexachlorobenzene, the extent of
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chlorination is controlled to yield primarily MCBz and DCBz. The finished product is a

mixture of chlorobenzenes, and refined products must be obtained by distillation and

crystallization (Bryant, 1993).

CDD/CDFs can be inadvertently produced during the manufacture of chlorobenzenes

by nucleophilic substitution a'h.̂  pyrolysis mechanisms (Ree et a!., 1988). The criteria

required for production of CDD/CDFs via nucleophilic substitution are: (1) oxygen as a

nuclear substituent (i.e., presence of chlorophenols) and (2) production and/or purification

of the substance under alkaline conditions. Formation via pyrolysis requires reaction

temperatures above 150°C (Ree et al., 1988; Hutzinger and Fiedler, 1991 a). The liquid-

phase electrophilic substitution process currently used in the United States does not meet
r \ ^

any of these criteria. Although Ree et al. (1988) and Hutzinger and Fiedler (1991 a) state

that the criteria for formation of CDD/CDFs via nucleophilic substitution may be present in

the catalyst neutralization and purification/distillation steps of the manufacturing process,

Opatick (1995) states that the chlorobenzene reaction product in U.S. processes remains

mildly acidic throughout these steps.

Table 8-10 summarizes the very limited published information on CDD/CDF

contamination of chlorobenzene products. The presence of CDD/CDFs has been reported in

TCBz, PeCBz, and HCBz. No CDD/CDFs have been reported in monochlorobenzene (MCBz)

and DCBz. Conflicting data exist concerning the presence of CDD/CDFs in TCBz. One

study (Villanueva et al., 1974) detected no CDD/CDFs in one sample of 1,2,4-TCBz at a

detection limit of 0.1 /.^g/kg. Hutzinger and Fiedler (1991a) reported unpublished results of

Dr. Hans Hagenmaier showing CDD/CDF congener group concentrations ranging from 0.02

to 0.074 /^g/kg in a sample of mixed TCBz. Because the TCBz examined by Hagenmaier

contained about 2 percent hexachlorocyclohexane, it is reasonable to assume that the

TCBz was produced by dehydrohalogenation of hexachlorocyclohexane (a manufacturing

process not currently used in the United States).

Regulatory Actions - EPA has determined, as part of the Federal Insecticide,

Fungicide, and Rodenticide Act (FIFRA) Pesticide Data Call-In (discussed in Section 8.3.8),

that the 1,4-DCBz manufacturing processes used in the United States are not likely to form

CDD/CDFs. MCBz, DCBz, and TCBz are also listed as potential precursor chemicals under

the TSCA Dioxin/Furan Test Rule and are subject to reporting. (See Section 8.3.7.) In

addition, a Significant New Use Rule (SNUR) was issued by EPA under Section 5(a)(2) of
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TSCA on December 1, 1993, with an effective date of January 14, 1994, for PeCBz and

1,2,4,5-TeCBz (Federal Register, 1993c). This rule requires persons to submit a significant

new use notice to EPA at least 90 days before manufacturing, importing, or processing

either of these compounds in Trff6\jnts of 10,000 pounds or greater per year per facility for
.-% -v

any use. All registrations of pesticide products containing HCBz were cancelled in the mid-

1980s (Carpenter etal., 1986).

EPA's Office of Solid Waste promulgated land disposal restrictions on wastes (i.e.,

wastewaters and nonwastewaters) resulting from the manufacture of chlorobenzenes (40

CFR 268). Table 8-9 lists all solid wastes in which CDDs and CDFs ar,e specifically

regulated as hazardous constituents by EPA, including fihlorobenzene wastes. The

regulations prohibit the land disposal of these wastes until they are treated to a level below

the routinely achievable detection limits in the waste extract listed in Table 8-7 for each of

the following congener groups: TCDDs, PeCDDs, HxCDDs, TCDFs, PeCDFs, and HxCDFs.

EPA's Office of Water promulgated effluent limitations for facilities that manufacture

chlorinated, benzenes and discharge treated wastewater (40 CFR 414.70).' Although these

effluent limitations do not specifically address CDDs and CDFs, the treatment processes

required to control the chlorinated benzenes that are regulated (chlorobenzene; 1,2-

dichlorobenzene; 1,3-dichlorobenzene; 1,4-dichlorobenzene; 1,2,4-trichlorobenzene; and

hexachlorobenzene) are expected to reduce releases of any CDDs and CDFs that may be

present in the untreated wastewater. The effluent limitations for the individual regulated

chlorinated benzenes are less than or equal to 77 f^g/L for facilities that utilize biological

end-of-pipe treatment and are less than or equal to 1 96 /^g/L for facilities that do not

employ biological end-of-pipe treatment. • •

Since at least 1993, U.S. commercial production of chlorobenzenes has been limited

to MCBz, 1,2-dichlorobenzene (1,2-DCBz), 1,4-dichlorobenzene (1,4-DCBz), and, to a much

lesser extent, 1,2,4-trichlorobenzene (1,2,4-TCBz). As noted above; CDD/CDF formation

is not expected under the normal operating conditions of the processes currently used in

the United States to produce these four chemicals. No tetra-,-penta-, or hexachlorinated

benzenes are now intentionally produced or used in the United States (Bryant, 1993).

Thus, releases of CDD/CDFs from manufacture of chlorobenzenes in 1995 were estimated

as negligible. Because the available information on CDD/CDF content of MCBz to PeCBz is

very limited and is based primarily on unpublished European data and because information
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on the chlorobenzene manufacturing processes in place during 1987 is not readily available,

no emission estimates can be made for 1987.

;J

8.3.3. Chlorobiphenyls , ,\

PCBs are manufactured by the direct batch chlorination of molten biphenyl in the

presence of a catalyst followed by separation and purification of the desired chlorinated

biphenyl fractions. During the manufacture of PCBs, the inadvertent production of CDFs

also occurred. The purpose of this section is to address potential releases of CDD/CDFs

associated with leaks and spills of PCBs. CDFs have been shown to form when PCB-

containing transformers and capacitors undergo malfuncti6ns or are subjected to fires that

result in accidental combustion of the dielectric fluid. This combustion source of PCB-

associated CDFs is discussed in Section 6.6. Section 11.2 addresses releases of dioxin-like

PCBs.

Production of PCBs is believed to have been confined to 10 countries. The total

amount of PCBs produced worldwide since 1929 (i.e., the first year of known production)

is estimated to total 1.5-billion kg. Initially, PCBs were primarily used as dielectric fluids in

transformers. After World War II, PCBs found steadily increasing use as dielectric fluids in

capacitors, as heat-conducting fluids in heat exchangers, and as heat-resistant hydraulic

fluids in mining equipment and vacuum pumps. PCBs also were used in a variety of "open"

applications (i.e., uses from which PCBs cannot be re-collected) including: plasticizers,

carbonless copy paper, lubricants, inks, laminating agents, impregnating agents, paints,

adhesives, waxes, additives in cement and plaster, casting agents, dedusting agents,

sealing liquids, fire retardants, immersion oils, and pesticides (DeVoogt and Brinkman,

1989).

PCBs were manufactured in the United States from 1929 until 1977. U.S.

production peaked in 1970, with a volume of 85-million pounds. Monsanto Corporation,

the major U.S. producer, voluntarily restricted the use of PCBs in 1971, and annual

production fell to 40-million pounds in 1974. Monsanto ceased -PCB manufacture in mid-

1977 and shipped the last inventory in October 1977. Regulations issued by EPA

beginning in 1977, principally under TSCA (40 CFR 761), strictly limited the production,

import, use, and disposal of PCBs. (See Section 4.1 for details on TSCA regulations.) The

estimated cumulative production and consumption volumes of PCBs in the United States
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environment during the years 1988 through 1993. These TRI data include emissions to the

air, discharges to bodies of water, and releases to land. Based on these data, annual

emissions of PCBs to air during 1 988 and 1 993 could have been as high as 2.7 kg and as
%

low as 0 kg, respectively. If'Tfis^urther assumed that the ratio of TEQ to total PCB in the
^5"\ . "v

air emissions was 0.17:1,000^000 (i.e., the average of the TEQ contents for Clophen A-30

and Clophen A-50 [i.e., 170 /^g/kg] reported by Hagenmaier (1987) and presented in Table
c'

8-1 2), then annual emissions of TEQs to air in 1 988 and 1 993 could have been 0.5 and 0

mg, respectively. Similar assumptions for PCB releases to water of 4.5 kg in 1988 and 0

kg in 1993 yield estimated TEQ emissions during 1988 and 1993 of 0.8 and 0 mg,

respectively. For land releases of 341 kg in 1988 and ̂ 1,20 kg in 1993, estimated TEQ

emissions during 1988 and 1993 are 58 and 20 mg, respectively. All of these estimated

releases are considered to be negligible (i.e., less than 1 gram per year).

8.3.4. Polyvinyl Chloride

Although it is recognized that CDD/CDFs are formed during the manufacture of

ethylene dichloride (EDO and vinyl chloride monomer (VCM), polyvinyl chloride (PVC)

manufacturers and environmental public interest groups disagree as to the quantity of

CDD/CDFs formed and released to the environment in wastes and possibly PVC products.

Insufficient information is available at this time to enable EPA to make definitive release

estimates! Although EPA regulates emissions from EDC/VC production facilities under the

Clean Water Act (40 CFR 61), the Clean Air Act (40 CFR 414), and RCRA (40 CFR 268 -

Waste Codes F024, K019, and K020), CDD/CDFs are not specifically regulated pollutants;

as a consequence, monitoring data for CDD/CDFs in emissions are generally lacking. The

Interim Phase I Report addressing products and treated wastewater was submitted to EPA

in November 1996 (The'Vinyl Institute, 1996). The remainder of this section summarizes

the available information and presents the release estimates made by various interested

parties.

In 1993, Greenpeace International issued a report on dioxin emissions associated

with the production of EDC/VCM (Greenpeace, 1993). Greenpeace estimated that 5- to

10-g TEQ are released to the environment (air, water, and ground combined) annually for

every 100,000 metric tons of VCM produced. This emission factor was based on data

gathered by Greenpeace on four European plants. The Vinyl Institute responded with a
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critique of the Greenpeace report (ChemRisk, 1993). Miller (1993) summarized the

differing views of the two parties. According to Miller (1993), European PVC

manufacturers claim the emission factor is 0.01- to 0.5-g TEQ/100,000 metric tons of
A

VCM. Although Greenpeace Ck-99,3) and ChemRisk (1993) used basically the same

monitoring information to deve'kjp feKeir emission factors, Greenpeace adjusted the emission

factor to account for unquantified fugitive emissions and waste products containing

unspecified amountsrof CDD/CDFs.

In 1995, Greenpeace issued another study reiterating the organization's concern

that the generation and emissions of CDD/CDFs may be significant and urging that further

work be initiated to quantify and prevent emissions (Stringer et al., 1995). However, this
f \ I *

study acknowledged that because EDC/VCM production technologies and waste

treatment/disposal practices are very site-specific, the limited information currently

available on CDD/CDF generation and emissions makes it difficult to quantify amounts of

CDD/CDFs generated and emitted.

Tiernan et al. (1995) reported the results of testing two samples of ethylene

dichloride, two samples of vinyl chloride monomer, and two samples from each of two

different batches of powdered PVC pipe resin. The PVC resin analyses were performed

using an extraction procedure that results in complete dissolution of the PVC resin,

followed by liquid-liquid extraction of the dissolved material. With the exception of OCDD,

no CDD/CDFs were detected in any of the samples at detection limits ranging from less

than 1 ng/kg for the tetra- and hexa- congener groups and 0.5 to 4.6 ng/kg for hexa-

through octa-CDDs and CDFs. The OCDD levels detected (6 to 8 ng/kg) were of the same

magnitude as the OCDD levels detected in the blank samples implying background

contamination.

Stringer et al. (1995) presented the results of analyses of three samples of

chlorinated wastes obtained from U.S. EDC/VCM manufacturing facilities. The three

wastes were characterized according to EPA hazardous waste classification numbers as

follows: (1) an F024 waste (i.e., waste from the production of short chain aliphatics by free

radical catalyzed processes); (2) a K019 waste (i.e., heavy ends from the distillation of

ethylene from EDC production); and a probable K020 waste (i.e., heavy ends from

distillation of VC in VCM manufacture). Table 8-13 presents the analytical results reported

by Stringer et al. (1995). The reported CDD/CDF concentrations in the three wastes were
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20-A/g TEQ/kg, 5,928-^/g TEQ/kg, and 3.2-.:<g TEQ/kg for the F024, K019, and K020 waste,

respectively. Stringer et al. (1995) stated that the concentration found in the K020 waste

was similar to levels found i| comparable waste from a VCM manufacturing facility in the
V.~

United Kingdom (3.1 to 7.6,^/g/km.

In response to the lack of definitive studies and at the request of EPA, U.S. PVC

manufacturers initiated an extensive monitoring program to evaluate the extent of any

CDD/CDF releases to air, water, land, as well as product contamination. Emission and

product testing are being performed at various facilities representative of various

manufacturing and process control technologies. An independent peer review panel has

been formed and is reviewing the results of all monitoring studies prior to their public

release. The Interim Phase I Report from this study has been submitted to EPA, and the

results are summarized in Table 8-14.

The Interim Phase I Report (The Vinyl Institute, 1996) presented results for treated

wastewater samples from six sites that manufacture only PVC and from four sites that

manufacture EDC/VCM or EDC/VCM/PVC (range: ND - 2.2-pg TEQ/L; mean = 0.60-pg

TEQ/L assuming NDs = 0 and 4.5-pg TEQ/L assuming NDs = 1/2 DL). The method

detectiorfilimit was 10 pg/L for all congeners, except OCDD and OCDF (50 pg/L). Based on

these sample data and facility-specific production data, The Vinyl Institute estimated that

total TEQ^releases to waters from U.S. EDC, VCM, and PVC production facilities are in the

range of 0.043 to 0.36 grams/year.

The Vinyl Institute (1996) presented results for 22 samples from 14 of the 24 U.S.

facilities manufacturing suspension and mass PVCresins (i.e., pipe, bottle, and packaging

resins). GDD/CDFs were detected in only one sample :(0.043-ng TEQ/kg), which upon

resampling showed nondet'ect (ND) as well. The method detection limit was 2 ng/kg for all

congeners'except OCDD and OCDF (6 ng/kg). The Vinyl institute (1996) also presented

results for six samples :from four of the seven U.S. facilities manufacturing dispersion PVC

resins. The results ranged from ND:to 0.008-pg TEQ/g (mean = 0.001-pg TEQ/g assuming

NDs = 0, and 0.4-pg TEQ/g assuming NDs =• 1/2 DL). The method detection limit was 2

pg/g for all congeners except OCDD and OCDF (4 pg/g). The Vinyl Institute (1996) also

presented results for 5 samples from 5 of the 15 U.S. facilities manufacturing EDC.

CDD/CDFs'were detected in only one sample (0.03-pg TEQ/g). The method detection limit

for all congeners was 1 pg/g. Based on 1995 production data and the average TEQ
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observed for the samples analyzed, total releases of CDD/CDF TEQs from suspension/mass

PVC resins, emulsion PVC resins, and "sales" EDC were estimated by The Vinyl Institute

(1996) to be 0.0 to 3.0 grams,, 0.004 to 0.1 grams, and 0.008 to 0.29 grams,
•V

respectively. ^ \

The estimated PVC production in the United States during 1995 was 5.656-million

metric tons per year^The Vinyl Institute, 1996). Applying the worldwide emission factors

discussed above to the U.S. PVC industry, gives a range of dioxin emissions of 0.56- to

28.3-g TEQ/yr (based on the ChemRisk (1993) emission factors) to 283- to 565-g TEQ/yr

(based on the 1993 Greenpeace emission factors). It is anticipated tha,t the Vinyl Institute

will tie completing and releasing the full report on PVG res^in, wastewater treatment solids,

waste water, and incinerator stack releases in the spring of 1998. EPA anticipates that

this information, along with the information from previously cited sources, should be

adequate to make a reasonable emission estimate for this inventory.

8.3.5. Other Aliphatic Chlorine Compounds

Aliphatic chlorine compounds are used as monomers in the production of plastics, as

solvents and cleaning agents, and as precursors for chemical synthesis (Hutzinger and

Fiedler, 1991 a). These compounds are produced in large quantities. In 1992, 14.6-million

metric tons of halogenated hydrocarbons were produced (U.S. ITC, 1946-1994). The

production of 1,2-dichloroethane and vinyl chloride accounted for 82 percent of this total

production. Highly chlorinated CDDs and CDFs (i.e., hexa- to octachlorinated congeners)

have been found in nanograde quality samples of 1,2-dichloroethane (55 ng/kg of OCDF in

one of five samples), tetrachloroethene (47 ng/kg of OCDD in one of four samples),

epichlorohydrin (88 ng/kg of CDDs and 33 ng/kg of CDFs in one of three samples), and

hexachlorobutadiene (360 to 425 ng/kg of OCDF in two samples) obtained in Germany

from Promochem (Hutzinger and Fiedler, 1991 a; Heindl and Hutzinger, 1987). No

CDD/CDFs were detected in two samples of ally chloride, three samples of 1,1,1-

trichloroethane, and four samples of trichloroethylene (detection limit ranged from 5 to 20

ng/kg) (Heindl and Hutzinger, 1987). Because no more recent or additional data could be

found in the literature to confirm these values for products manufactured or used in the

United States, no national estimates of CDD/CDF emissions are made for the inventory.
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EPA's Office of Water promulgated effluent limitations for facilities that manufacture
5

chlorinated aliphatic chlorine compounds and discharge treated wastewater (40 CFR

414.70). Although these efHuent limitations do not specifically address CDDs and CDFs,
-"'*** ^^J*

the treatment processes retired to control the chlorinated aliphatic compounds that are

regulated (e.g., 68 /^g/L for 1,2-dichloroethane and 22 /ug/L for tetrachloroethylene) are
f

expected to reduce releases of any CDDs and CDFs that may be present in the untreated

wastewater. Similarly, EPA's Off ice of Solid Waste promulgated restrictions on land

disposal of wastes generated during manufacture of many chlorinated aliphatics (40 CFR

268); however, these restrictions do not specifically regulate CDD/CDFs.
. , \ . \

8.3.6. Dyes, Pigments, and Printing Inks

Several researchers analyzed various dyes, pigments, and printing inks obtained in

Canada and Germany for the presence of CDDs and CDFs (Williams et al., 1992; Hutzinger

and Fiedler, 1 991 a; Santl et al., 1 994c). The following paragraphs discuss the findings of

these studies.

Dioxazine Dyes and Pigments - Williams et al. (1992) analyzed the CDD/CDF content

in dioxazine dyes and pigments available in Canada. As shown in Table 8-15, OCDD and

OCDF concentrations in the ^g/g range, and HpCDD, HxCDD, and PeCDD concentrations in

the ng/g range were found in Direct Blue 106 dye (3 samples). Direct Blue 108 dye

(1 sample), and Violet 23 pigments (6 samples) (Williams et al., 1992). These dioxazine

pigments are derived from chloranil, which has been found to contain high levels of

CDD/CDFs and has been suggested as the source of contamination among these dyes

(Christmann et al., 1989a; Williams et al., 1992; U.S. EPA, 19925). In May 1990, EPA

received test results showing that chloranil was heavily contaminated with dioxins; levels

as high,as 3,065-/^g TEQ/kg were measured in samples from four importers (mean value of

1,754-^g TEQ/kg) (U.S. EPA, 1992b; Remmers et al., 1992). (See Section 8.3.7 for

analytical results.)

In the early 1990s, EPA learned that dioxin TEQ levels in chloranil could be reduced

by more than two orders of magnitude (to less than 20 /^g/kg) through manufacturing

feedstock and process changes. EPA's Off ice of Pollution Prevention and Toxics (OPPT)

subsequently began efforts to complete an industry-wide switch from the use of

contaminated chloranil to low-dioxin chloranil. Although chloranil is not manufactured..in
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the United States, significant quantities are imported. As of May 1992, EPA had

negotiated agreements with all chloranil importers and domestic dye/pigment manufacturers

known to EPA that use chloraniJ in their products to switch to low-dioxin chloranil. In May
V-..-J4.

1993, when U.S. stocks of chlpjanjjVith high levels of CDD/CDFs had been depleted, EPA
•"'"\ *'

proposed a significant new'use rule (SNUR) under Section 5 of TSCA that requires industry

to notify EPA at least ,90 days prior to the manufacture, import, or processing, for any use,

of chloranil containing total CDD/CDFs at a concentration greater than 20 ^g/kg (Federal

Register, 1993a; U.S. EPA, 1993c).

In 1983, approximately 36,500 kg of chloranil were imported (U.S. ITC, 1984). The

U.S. International Trade Commission (ITC) has not published quantitative import data for

chloranil since 1984. If it is assumed that this import volume reflects actual usage of

chloranil in the United States during 1987 and the CDD/CDF contamination level was

1,754-^g TEQ/kg, then the maximum release into the environment via processing wastes

and finished products was 64.0 g of TEQ. If it is assumed that the import volume in 1995

was also 36,500 kg, but that the imported chloranil contained 10-/^g TEQ/kg on average,

then the total potential annual CDD/CDF release associated with chloranil in 1995 was

0.36 g of TEQ. Given the low confidence in the estimates of import volumes in 1987 and

1 995, the estimated range of potential annual emissions for both years is assumed to vary

by a factor of 10 between the low and high ends of the range. Assuming that 64.0-g

TEQ/yr was the geometiric mean of this range for 1987, then the range is calculated to be

20- to 200-g TEQ/yr. Assuming that 0.36-g TEQ/yr was the geometric mean of this range

in 1995, then the range is calculated to be 0.1 1 - to 1.1-g TEQ/yr.

Phthalocyanine Dyes and Printing Inks - Hutzinger and Fiedler (1991 a) found

CDD/CDFs (tetra-, penta-, and hexachlorinated congeners) in the /^g/kg range in a sample of

a Ni-phthalocyanine dye. No CDD/CDFs were detected (detection limit of 0.1 to 0.5 ^g/kg)

in two samples of Cu-phthalocyanine dyes and in one Co-phthalocyanine dye (Hutzinger

and Fiedler, 1991a).

Santl et al. (1.994'c) reported the results of analyses of four printing inks obtained

from a supplier in Germany. Two of the inks are used for rotogravure printing, and two are

used for offset printing. The results of the analyses are presented in Table 8-16. The TEQ

content of the inks ranged from 17.5 to 90.1 ng/kg. Primarily non-2,3,7,8-substituted
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congeners were found. The identities of the dyes/pigments in these inks were not

reported.

8.3.7. TSCA Dioxin/FurarfTes^Rule

Based on evidence that halogenated dioxins and furans may be formed as by-
*

products during chemical manufacturing processes (Versar, 1985), EPA issued a rule under

Section 4 of TSCA that requires chemical manufacturers and importers to test for the

presence of chlorinated and brominated dioxins and furans in certain commercial organic

chemicals (Federal Register, 1987c). The rule listed 12 manufactured or imported
t \ \ \

chemicals that required testing and 20 chemicals not currently manufactured or imported

that would require testing if manufacture or importation resumed. These chemicals are

listed in Table 8-17. The specific dioxin and furan congeners that require quantitation and

the target limits of quantitation (LOQ) are specified in the Rule are listed in Table 8-18.

Under Section 8(a) of TSCA, the final rule also required that chemical manufacturers submit

data on manufacturing processes and reaction conditions for chemicals produced using any

of the 29 precursor chemicals listed in Table 8-19. The rule stated that subsequent to this

data gathering effort, testing may be proposed for additional chemicals if any of the

manufacturing conditions used favored the production of dioxins and furans.

Sixteen sampling and analytical protocols and test data for 10 of the 12 chemicals

that required testing were submitted to EPA (Holderman and Cramer, 1995). Data from 15

submissions were accepted; one submission is under review. Manufacture/import of two

substances (tetrabromobisphenol-A-bis-2,3-dibromopropylether and tetrabromobisphenol-A-

diacrylate) have stopped since the test rule was promulgated. [NOTE: All data and reports

in the EPA TSCA Docket are available for public review/inspection at EPA Headquarters in

Washington, DC.]

Table 8-20 presents the results of analytical testing for dioxins and furans for the

eight chemicals with data available in the TSCA docket. Five of these 10 chemicals

contained dioxin/furans. Positive results were obtained for: 2,3,5,6-tetrachloro-2,5-

cyclohexadiene-1,4-dione (chloranil), pentabromodiphenyloxide, octabromodiphenyloxide,

decabromodiphenyloxide, and 1,2-Bis(tribromophenoxy)-ethane. Table 8-21 presents the

quantitative analytical results for the four submitted chloranil samples, as well as the
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results of analysis by EPA of a sample of carbazole violet, which is manufactured from

chloranil.

It should be noted that although testing conducted under this test rule for 2,4,6-
•V^-v

tribromophenol indicated no haloqena\ed dioxins or furans above the LOQs, Thoma and
•-\ v

Hutzinger (1989) reported detecting BDDs and BDFs in a technical grade sample of this

substance. Total TBDD-, TBDF, and PeBDF were found at 84//g/kg, 12/yg/kg, and 1

respectively. No hexa-, hepta-, or octa-BDFs were detected. Thoma and Hutzinger (1989)

also analyzed analytical grade samples of two other brominated flame retardants,

pentabromophenol and tetrabromophthalic anhydride; no BDDs or BDFs were detected

(detection limits not reported). \ ( \

8.3.8. Halogenated Pesticides and FIFRA Pesticides Data Call-In

In the late 1970s and early 1980s, attention began to focus on pesticides as

potential sources of CDDs and CDFs in the environment. Up to that time, CDD and CDF

levels were not regulated in end-use pesticide products. Certain pesticide active

ingredients, particularly chlorinated phenols and their derivatives, were known or

suspected, however, to be contaminated with CDDs and CDFs (e.g., pentachlorophenol

(PCP), Silvex, and 2,4,5-T). During the 1 980s, EPA took several actions to investigate and

control CDD/CDF contamination of pesticides.

In 1983, EPA cancelled the sale of Silvex and 2,4,5-T for all uses (Federal Register,

1983). Earlier, in 1979, EPA ordered emergency suspension of the forestry, rights-of-way,

and pasture uses of 2,4,5-T; emergency suspensions of the forestry, rights-of-way,

pasture, home and garden, commercial/ornamental turf, and aquatic weed control/ditch

bank uses of Silvex were also ordered (Federal Register, 1979; Piimmer, 1980). The home

and garden, commercial/ornamental turf, and aquatic weed control/ditch bank uses of

2,4,5-T had been suspended in 1970.

EPA entered into a Settlement Agreement in 1987 with PCP manufacturers to allow

continued registrations for wood uses (Federal Register, 1987a) under a restricted use basis

but which set tolerance levels for HxCDD and 2,3,7,8-TCDD. TCDD levels were not

allowed to exceed 1.0 ppb in any product, and after February 2, 1 989, (a gradually phased

in requirement), any manufacturing-use PCP released for shipment could not contain

HxCDD levels that exceeded an average of 2 ppm over a monthly release or a batch level of
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4 ppm. On January 21, 1987, EPA issued a Final Determination and Intent to Cancel and

Deny Applications for Registrations of Pesticide Products Containing Pentachlorophenol

(Including but not limited tolts salts and esters) for Nonwood Uses, which prohibited the

^
registration of PCP and its,9^lts-fjp.r most nonwood uses (Federal Register, 19876). EPA

deferred action on several uses (i.e., uses in pulp/paper mills, oil wells, and cooling towers)

pending receipt of additional exposure, use, and ecological ef fects data. On January 8,

1993, EPA issued a press advisory stating that the EPA Special Review of these deferred

nonwood uses was being terminated, because all of these uses either had been voluntarily

cancelled by the registrants or had been cancelled by EPA for failure*-of the registrants to

pay the required annual maintenance fees (U.S. EPA, 1993f).

An estimated 8,400 metric tons of PCP were used for wood preservation in the

United States in 1994 (Micklewright, 1994); for purposes of this report, it is assumed that

an identical amount was used in 1995. An estimated 12,000 metric tons were used in

1987 (WHO, 1991). Historically, PCP has contained about 3-mg TEQ/kg, based on data

presented in Table 8-7. Figure 8-4 presents congener and congener group profiles,

respectively, for PCP, based on the results of those studies presented in Table 8-7 that

provided complete congener and congener group measurements. Combining these two

estimates indicates that 25,000 g and 36,000 g of TEQ may have entered the environment

in the form of PCP-treated wood products in 1995 and 1987, respectively. These release

estimates are assigned a H/H confidence rating, indicating high confidence in both the

activity and emission factor estimates. Based on this high confidence rating, the estimated

range of potential release in the form of treated wood products is assumed to vary by a

factor of 2 between the low and high ends of the range. Assuming that the estimated

releases of 25,000 g and 36,000 g of TEQ are the geometric means of these ranges, then

the ranges are calculated to be 17,700- to 35,400-g TEQ for 1995 and 25,500 to 51,000

for 1987.

In addition to the pesticide cancellations and product standards, EPA's Off ice of

Pesticide Programs (OPP) issued two Data Call-Ins (DCIs) in 1 987. Pesticide manufacturers

are required to register their products with EPA in order to market them commercially in the

United States. Through the registration process, mandated by FIFRA, EPA can require that

the manufacturer of each active ingredient generate a wide variety of scientific data

through several mechanisms. The most common process is the five-phase reregistrat ion
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effort to which the manufacturers (i.e., registrants) of older pesticide products must

comply. In most registration activities, registrants must generate data under a series of

strict testing guidelines, 40 CFR 1 58-Pesticide Assessment Guidelines (U.S.EPA, 1988b).
"V-'-.-V

Some pesticide active ingredients ^jay require additional data, outside of the norm, tox~\ *'
adequately develop effective regulatory policies for those products. Therefore, EPA can

require additional data, where needed, through various mechanisms, including the DCI

process.

The purpose of the first DCI (dated June and October 1987), Data Call In Notice for

Product Chemistry Relating to Potential Formation of Halogenated Dibenzo-p-dioxin or

Dibenzofuran Contaminants in Certain Active Ingredients/was to identify through an

analysis of raw materials and process chemistry, those pesticides that may contain

halogenated dibenzo-p-dioxin and dibenzofuran contaminants. The list of 93 pesticides (76

pesticide active ingredients) to which this DC! applied, along with their corresponding

Shaughnessey and Chemical Abstract code numbers, are presented in Table 8-22. [Note:

the Shaughnessey code is an internal EPA tracking system-it is of interest because

chemicals with similar code numbers are similar in chemical nature (e.g., salts, esters, and

acid forms of 2,4-D).] All registrants supporting registrations for these chemicals were

subject to the requirements of this DCI, unless their product qualified for a Generic Data

Exemption (i.e., a registrant exclusively used a FIFRA-registered pesticide product(s) as the

source(s) of the active ingredient(s) identified in Table 8-22 in formulating their product(s)).

Registrants whose products did not meet the Generic Data Exemption were required to

submit the types of data listed below to enable EPA to assess the potential for formation of

tetra- through hepta-halogenated dibenzo-p-dioxin or dibenzofuran contaminants during

manufacture. Registrants, however, had the option to voluntarily cancel their product or

"reformulate to remove an active ingredient," described in Table 8-22, to avoid compliance

with the DCI.

• Product Identity and Disclosure of Ingredients: EPA required submittal of a

Confidential Statement of Formula (CSF), based on the requirements

specified in 40 CFR 158.108 and 40 CFR 158.120 - Subdivision D: Product

Chemistry. Registrants who had previously submitted still current CSFs were

not required to resubmit this information.
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• Description of Beginning Materials and Manufacturing Process: Based on the

requirements mandated by 40 CFR 158.120 - Subdivision D, EPA required

submittal of a manufacturing process description for each step of the
î -i-*1

manufacturihg^'rocjVss, including specification of the range of acceptable

conditions/of temperature, pressure, or pH at each step.

• Discussion of the Formation of Impurities: Based on the requirements

mandated by 40 CFR 1 58.1 20 - Subdivision D, EPA required submittal of a

detailed discussion/assessment of the possible formation of halogenated

dibenzo-p-dioxins and dibenzofurans.

f \ ( \

The second DCI (dated June and October 1987), Data Call-In for Analytical

Chemistry Data on Polyhalogenated Dibenzo-p-Dioxins/Dibenzofurans (HDDs and HDFs),

was issued for 68 pesticides (16 pesticide active ingredients) suspected to be contaminated

by CDD/CDFs. (See Table 8-23.) All registrants supporting registrations for these

pesticides were subject to the requirements of this DCI, unless the product qualified for

various exemptions or waivers. Pesticides covered by the second DCI were strongly

suspected by EPA to contain detectable levels of HDD/HDFs.

Under the second DCI, registrants whose products did not qualify for an exemption

or waiver were required to generate and submit the following types of data in addition to

the data requirements of the first DCI:

• Quantitative Method For Measuring HDDs or HDFs': Registrants were required

to develop an analytical method for measuring the HDD/HDF content of their

• - products. The DCI established a regimen for defining the' precision of the

analytical method (i.e., for internal standard-precision within +/- 20 percent

and recovery range of 50 to 150 percent, also a signal to noise ratio of at

: least 10:1 was required). Target quantification limits were established in the

. DCI for specific HDD and HDF congeners. (See Table 8-24.)

• Certification of Limits of HDDs or HDFs: Registrants were required to submit

a "Certif ication of Limits" in accordance with 40 CFR 158.110 and 40 CFR

158.120 - Subdivision D. Analytical results were required that met the

guidelines described above.
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Registrants could select one of two options to comply with the second DCI. The

first option was to submit relevant existing data, develop new data, or share the cost to

develop new data with other registrants. The second option was to alleviate the DCI
'V-.-s.requirements through several jexernjgtion processes including a Generic Data Exemption,

voluntary cancellation, reformulation to remove the active ingredient of concern, an

assertion that the data requirements do not apply, or the application/award of a low-

volume, minor-use waiver.

The data contained in CSFs, as well as any other data generated under Subdivision

D, are typically considered Confidential Business Information (CBI) under the guidelines

prescribed in FIFRA, because they usually contain infovrrlation regarding proprietary

manufacturing processes. In general, all analytical results submitted to EPA in response to

both DCls are considered CBI and cannot be released by EPA into the public domain.

Summaries based on the trends identified in that data, as well as data made public by EPA,

are summarized below.

The two DCls included 161 pesticides. Of these, 92 are no longer supported by

registrants. Based on evaluations of the process chemistry submissions required under the

DCls, OPP determined that formation of CDD/CDFs was not likely during the manufacture

of 43 of the remaining 69 pesticides; thus, analysis of samples of these 43 pesticides was

not required by OPP. Evaluation of process chemistry data is ongoing at OPP for an

additional seven pesticides. Tables 8-22 and 8-23 indicate which pesticides are no longer

supported, those for which OPP determined that CDD/CDF formation is unlikely, and those

for which process chemistry data or analytical testing results are under review in OPP (U.S.

EPA, 1995a).

OPP required that analysis of production samples be performed on the remaining 19

pesticides. (See Table 8-25.) The status of the analytical data generation/evaluation to

date is summarized as follows: (1) no detection of CDD/CDFs above the LOQs in registrant

submissions for 1 3 active ingredients; (2) detection of CDD/CDFs above the LOQs for 2,4-D

acid (two submissions) and 2,4-D 2-ethyl hexyl acetate (one submission); and (3) ongoing

data generation or evaluation for four pesticides.

Table 8-24 presents a summary of results recently obtained by EPA for CDDs and

CDFs in eight technical 2,4-D herbicides; these data were extracted from program files in

OPP. Because some of these files contained CBI, the data in this table were reviewed by
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OPP staff to ensure that no CBI was being disclosed (Funk, 1996). Figure 8-5 presents a

congener profi le for 2,4-D, based on the average congener concentrations reported in Table

8-24. \
V~

Schecter et al. (1997) recentlyv.reported the results of analyses of samples of 2,4-D
- ' \

manufactured in Europe, Russia, and the United States. (See Table 8-26.) The total TEQ

concentrations measured in the European and Russian samples are similar to those

measured in the EPA DCI samples; however, the levels reported by Schecter et al. (1997)

for U.S. samples are significantly lower.

An estimated 26,300 metric tons of 2,4-D were consumed in the-JJnited States in
f

1 995, making it one of the top 10 pesticides in terms df Quantity used (U.S. EPA, 1997a).

An estimated 30,400 metric tons were consumed during 1987 (U.S. EPA, 1988c). Based

on the average CDD/CDF congener concentrations in 2,4-D presented in Table 8-24 (i.e.,

not including OCDD and OCDF), the corresponding TEQ concentration is 0.70 /.tg/kg.

Combining this TEQ concentration with the activity level estimates for 1995 and 1987

indicates that 1 8.4 g and 21.3 g of TEQ may have entered the environment in 1 995 and

1987, respectively. These release estimates are assigned a H/H confidence rating

indicating high confidence in both the production and emission factor estimates. Based on

this high confidence rating, the estimated range of potential release is assumed to vary by a

factor of 2 between the low and high ends of the range. Assuming that the estimated

releases of 1 8.4 g and 21.3 g of TEQ are the geometric means of these ranges, then the

ranges are calculated to be 13.0- to 26.0-g TEQ in 1 995 and 1 5.1 - to 30.2-g TEQ in 1987.

8.4. OTHER CHEMICAL MANUFACTURING AND PROCESSING SOURCES

8.4.1. Municipal Wastewater Treatment Plants

Sources - CDD/CDFs have been measured in nearly all sewage sludges tested,

although the concentrations and, to some extent, the congener profiles and patterns differ

widely. Potential sources of the CDD/CDFs include microbiai formation (discussed in

Chapter 9), runoff to sewers from lands or urban surfaces contaminated by product uses or

deposition of previous emissions to air, household wastewater, industrial wastewater,

chlorination operations within the wastewater treatment facil ity, or a combination of all the
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Table 8-1. CDD/CDF Concentrations in Pulp and Paper Mill: Bleached Pulp, Wastewater Sludge, and Effluent (circa 1988)

Congener/Congener
Group

2.3.7,8-TCDD
1,2,3.7.8-PeCDD
1.2 3,4 7,8-HxCDD
1 2 3,6 7 8-HxCDD
1,2,3.7.8.9-HxCDD
1 2 3 4 6 7 8-HpCDD
OCDD

2.3.7,8- ICDF
1.2.3,7,8-PfiCDF
? 3 4 7 8-PeCOF
1.2 ,3 .4 ,7 ,8-HxCDF
1.2.3.6,7,8-Hx.CDF
1,2,3.7.8,? HxCDF-
r. 3. - I .G.7, 8 HxCDr
l,:.;l.-!,6,7,!l HpCDf

1.2,3,4.7,8,9 'HpCDF
OCDF

Total 2,3,7,8-CDD'-b

Total 2,3,7.8-CDFa b

Total TEQ (ND~zeio)h

Total TCQ (NO - DLl"

Toinl CDD/CDFb

Median
(ng/kg)

6.4
ND (0.3)
NO (0 4)
.ND (0 5)
ND (0.5)

3 3
46

18
ND (0.7)
ND (0 2)
ND (0.3)
ND (0.3)
ND (0.3)
ND (0.3)
ND ( 0 6 )
ND (0.6)

2.7

55.7
18

• 8. 28
R.83

120

Bleached Pulp

Range
(ng/kg)

0.4 to 124
ND (0.1) to 1.4
ND (0 2) to 0 4
ND (0 2) to 1 6
ND (0.2) to 0.5

2.3 to 8 4
28 to 81

1.4 to 716
ND 10.1) to 3.9
NO (0.1) to 4 7

ND (0.2) to ND (0.61
ND (0.1) to ND (0.4)
ND 10.1) to ND (0.4)
ND (0.2) to ND (0.4)

ND (0.1) to 0.8
ND (0.1) to ND (2 .1 )

ND(2.8) to 4.3

, , . ...':̂ .

No. of
Detects

(10 samples)

10
2
1
2
1

10
10

10
4

3

0
0
0
0
3

, 0
v" .8

?• '

Median .
(ng/kg) :*

63
ND (2.5),?;
ND (3 1)
ND (3 2)
ND (3.9)

37
698

233
6.2
4 7

ND (2.5) .
NO (1.4) ...
ND (1.7) -,:
ND (1 .7 ) ,

6.6
ND (1.6)

22

798
272.5
90.1 •
93.1

1.895

Wastewater Sludge

Range
(ng/kg)

ND (6.3) to 180
ND (1.4) to 28
ND (1 5) to 40
ND (1 7) to 95
ND (1.7) to 80

18 to 490
263 to 1,780

13 to 1,150
ND (1 .2 ) to 22
ND (0 9) to 38
ND (0.9) to 31
ND (0.9) to 33

ND (0.9) to ND (4.0)
ND (0.9) to 34
ND (3.6) to 70
ND [1 .21 to 10
ND (54) to 168

No. of
Detects

(9 samples)

8
1
1
1
1
9
9

9
6
6
2
1
0
1
7
1
8 —

"

Median
(P9/U

42
ND (9.6)
ND (12)
ND (12)
ND.(12)

170
3,000

120
ND (7.2)
ND (6.3)
ND (8.4)
ND (7.1)
ND (6.2)
ND (8.2)
ND (23)
ND (22)

190

3,212
310
59
73

4.013

Wastewater Eff luent

""* Range
(pg/u

'"V.
ND (11) to 98

ND (2.8) to'ND (25)
NO (6 6) IO.ND (W)'"1

ND (6 6) to'ND (54)
NO (6.6) to^tpi23)

77 to 27O
1.000 to 4.600

12 to 840
ND (2.2) to 36
NO (2 2) to 33

ND (4.8) to ND ( 1 5 )
ND (4.8) to ND ( 15 )
ND (2.5) to ND ( 15 )
ND (4.8) to MO ( 1 5 )

NO ( 1 3 ) to 44
ND (6.4) to ND ( 4 1 )

NO (180) to 230

;''«

No. of
Detects

(9 samples)

8
0
0
o
0
9
9

9
2
2
0
0
0
0
3
0
8

o
T:
o
a
r~
6—j
m
O
73

n

ND = not detected; values in parentheses are detection limits (DL).
8 Calculated assuming nondetected values are zero.
11 Sum of median values.
ng/kg = nanograms per kilogram
pg/L = picograms per liter
Source: U.S. EPA (1990a).

en
us
CO
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Ratio (median congener cone. / total CDD/CDF cone.)
0.1 0.2 0.3 0.4

2.3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2.3.6,7,8-HxCDD

1.2,3,7,8,9-HxCDD

1.2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2,3,7,8-TCDF
•>.

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2.3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2.3,4.7,8.9-HpCDF

1,2,3,4,6,7,8,9-OCDF

0.5

» boa U.K. BfA (1»9O«);

2,3,7,8-TCDD

1,2,3,7,8-PcCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCD.D

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4.7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3.7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

0.1
Ratio (median congener TEQ concVtotal TEQ cone.)

0.2 0.3 0.4 0.5 0.6 0.7 0.8

US. BFA (IMKit) . &ooxl»i*et» Mt »qu*J to 1/2 d*ueuon Luuil

Figure 8-1. 104-Mill Study Full Congener Analysis Results for Pulp
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2,3.7,8-TCDD

1.2.3,7.8-PeCDD

1,2,3.4.7.8-HxCDD

1.2.3,6.7.8-HxCDD

1,2.3,7.8.9-HxCDD

1,2.3.4,6.7,8-HpCDD

1,2.3,4.6,7.8,9-OCDD

2.3,7,8-TCDF

1 ,2,3,7,8-PeCD,F

2,3,4,7,8-PcCDF

1,2,3,4.7,8-HxCDF

1,2,3,6.7,8-HxCDF

1,2,3.7,8,9-HxCDF

2,3,4,6,7.8-HxCDF

f 1,2,3,4,6,7.8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

Rat io (median congener cone. / to ta l CDD/CDF cone.)
O.I 0.2 0.3 0.4 0.5

2,3,7.8-TCDD

1,2.3,7,8-PcCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3.4,6,7,8-HpCDD

1,2,3.4,6,7,8.9-OCDD

2.3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4.6,7.8-HpCDF

1,2,3,4,7,8,9-HpCDF

1.2,3,4,6,7,8,9-OCDF

0.1
Ratio (median congener TEQ concVtotal TEQ cone.)

0.2 0.3 0.4 0.5 0.6 0.7 0.8

a U.S. EPA (I W0«). MCLd«l»eu Ml l to 1/2 d«t«cIMm limit

Figure 8-2. 104-Mill Study Full Congener Analysis Results for Sludge
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2.3.7.8-TCDD

1 ,2.3.7.8-PcCDD

1 .2.3.4.7.8-HxCDD

1,2,3.6.7.8-HxCDD

I.2,3.7,8,9-HxCDD

1 ,2.3,4.6.7.8-HpCL>D

1 .2.3.4.6.7.B.9-OCDD

2.3.7.8-TCDF

1 ,2.3,7.8-PeCDF

2.3.4,7.8-PoCDF

1 .2.3.4.7.8-HxCDF

1 .2.3,6.7.8-Hx CDF

1 .2.3.7.8.9-Hx CDF

2.3.4.6.7.8-HxCDF

1,2.3,4,6.7.8-MpCDF

1 .2,3.4.7.8,9-HpCDF

1.2.3,4.6.7.8.9-0 CDF
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Ratio (median congener concytotal CDD/CDF cone.)
O.2 O.3 O.4 O.5 O.6

0.1
Ratio (median congener TEQ conc./total TEQ cone.)

0.2 0.3 0.4 0.5 0.6

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PcCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

:. MediAn conccatn-tiooJ from U S E?A

Figure 8-3. 104-Mill Study Full Congener Analysis Results for Effluent
i
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Table 8-2. CDD/CDF Concentrations'^ Pulp and Paper_Mill Bleached,Pulp, Wastewater Sludge, and Effluent (circa 1996)

Congener/Congener
Group

2.3,7.8-TCDD
1.2.3.7,8-PflCDD
1,2.3.4.7,8-HxCDD
1,2,3,e.7.8-HxCDD
1 .2.3.7.*V.> HxCDO
1.2 3 -1.0 7.8 HpCDD
OCDO

2.3,7,8-TCDF
1.2,3,7.8 PflCDF
2.3,4,7.8'PeCDF
1,2,3.4.7.8-HxCDF
1,2.3,6, 7. 8-HxCDF
1,2.3,7,8,9 H.xCDF
2,3.4,6.7.8-HxCDF
1.2.3,4.0,7.8 HpCDF
1.2 3,4,7,8,9 HpCDF
OCOF

Total 2,3,7,8.CDDa

Total 2,3,7,8-CDF'
Total TEQ (NO = zero)3

Total TEQ (ND = DL)a

Bleached Pulp

Mean
ND = 0
(ng/kg)

0.3
0
0
0
O
0

1 A

10.3
0

0.4
0
0
0
0
0
0
0

2.7
10.7

1.5
1 1.3

Median
Ing/kg)

NDID
NDO)
NDI5)
NO(5)
NDIS)
ND,(5)

NDdOt

NDO!
ND(5)
N0(5)
NDI5I
ND(5)
ND(5)
ND(5)
NDI5)
ND(5)

NDI10)

Range
(ng/kgj

ND(1) to 5
NDO), to ND(7)
NDO) to ND(7)
NDO) to N0(7)
ND(3> to ND17)
NDOl'to ND(7>
NOdOi to 15.

MOID to 170
NDO) to ND(7)

NDO) to 7 •••
NDO) to ND(7)
NDO) to NOI7)
NDO) to NDI7)
NDO) to ND(7)
NDO) to NDI7)
NDO) to ND(7)

NDI6) to ND114)

No. of
Detects/
No. of

Samples

1/18
0/18
0/18
0/18
0/18
0/18
3/16

7/18
0/18
1/18

0/18
0/18
0/18
0/18
0/18
0/18
0/18

Wastewater Sludge

Mean
ND = 0
(ng/kg)

0.8
0

0.5
2.3
1.6

41.4
445

6.2
0

0.5
0
0
0

0.5
1.2
0
0

492
8.4
3.0

22.9

Median
(ng/kg)

ND(I)
ND(5)
ND(5)
ND(5)
ND(5)

7
15O

3
ND(5)
ND(5)
NDI5)
ND(5)
ND(5)
ND(5)
ND(5)
NDI5)

ND(IO)

Range
(ng/kg)

ND(1) to 4
NDI4) to NDI52)

ND(4) to 7
ND(4| to 18
NO(4) to 14

ND(4) to 330
21 to 2,900

ND(1) to 31
ND(4) to ND(52)

ND(4) to 7
NOW to NDI52)
ND(4) to ND(52)
NDI4) to ND(52)

ND(4) to 6
NDI4) to 10

NDI4) to NDI52)
NDO) to NDI100)

No. of
Detects/
No. of

Samples

4/12

0/12
1/13
2/13
2/13
9/13
10/10

9/12
0/13
1/13

0/13
0/13

0/13
1/13
2/13

0/13
0/13

Wastewater Effluent

Mean
ND = 0

(P9/U

1.2
0
0
0
0

3.2
33.0

2.3
0
0
0
0
0
0
0
0
0

103
2.3
1.5
105

' -M.

Median
(ng/kg)

ND(1 1)
N0!53>
NDI53)
ND(53>
N0153)
NOI53)

MD1110I

NDI1 1)
NDI53)
NDI53)
ND(53)
ND(53)
NDI53)
NDI53)
NDI53)
NDI53)

NDI106)

,, Range
" - (pg/L)

ND(')O) tp 2J
ND(S3l to'^DfBS)
NDI50) to;!,ND(55)
ND(59t'u/i>JD(55)
NO|50no NDI55)

NDI50I to 58
NOnOOl to 370

ND(10) to 23
NDI50) to ND(55)
ND(50) to ND(55)
ND150) to NDI55)
NDI50) to ND(55)
ND(50) to NDI55)
ND(50) to NDI55I
NDI50) to ND(55)
NDI50) to ND(55)

NDI104) to NDI110)

No. of
Detects/
No. of

Samples

1/18
0/18
0/18
0/18
0/18
1/18
6M4

2/18

0/18
0/18
0/18
0/18
0/18
0/18

0/18
0/18
0/18

c
7-

7,
C

c
rr
C
K
C.

tr

ND = not detected; values in parentheses-are detection limits (DL).

' Sum of mean values.

ng/kg = nanograms per kilogram
pg/L = picograms par liter

Source; Gillespie (1997),
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Table 8-3. Summary of Bleached Chemical Pulp and Paper Mill Discharges
of 2,3,7,8-TCDD and 2,3,7,8-TCDF

Matrix

Effluent

Sludged

f

Pulp

Congener

2,3,7,8-TCDD

2,3,7,8-TCDF

TEQ

2,3,7,8-TCDD

2,3,7,8-TCDF

TEQ

2,3,7,8-TCDD

2,3,7,8-TCDF

TEQ

^-^
- 1%
Discharge3

(g/year)

201

1,550

356

210

1,320

343

262

2,430

505

1992
Discharge5

(g/year)

22

99

32

33

118

45

24

124

36

1992
Discharge0

(g/year)

71

341

105

MR
, \ . \

NR

100

NR

NR

150

1993
Discharge6

(g/year)

19

76

27

24

114

35

22

106

" 33

1994
Dischargeb

(g/year)

14.6

49.0

19.5

18.9

95.2

28.4

16.2

78.8

24.1

NR = Not reported.

a 104-Mill Study (U.S. EPA, 1990a): Total discharge rate of congener or TEQ (based only on
2,3,7,8-TCDD and 2,3,7,8-TCDF concentration) summed across all 104 mills.

b NCASI 1992 Survey (NCASI, 1993), 1993 Update (Gillespie, 1994), and 1994 Update (Gillespie,
1995): Total discharge rate of congener or TEQ (based only on 2,3,7,8-TCDD and 2,3,7,8-
TCDF concentration) summed across all 104 mills. The daily discharge rates reported in NCASI
(1993), Gillespie (1994), and Gillespie (1995) were multiplied by a factor of 350 days/yr to
obtain estimates of annual discharge rates.

c The discharge in effluent was estimated in U.S. EPA (1993d) for January 1, 1993. The TEQ
discharges in sludge and pulp were estimated by multiplying the 1988 discharge estimates for
each by the ratio of the 1993 and 1988 effluent discharge estimates (i.e., the estimate of the.
reduction in 1988 discharges achieved by pollution prevention measures taken by the industry
between 1988 and 1993). •-•• •

d Approximately 20.5 percent of the sludge generated in 1990 were incinerated. The remaining
79.5 percent were predominantly landfilled (56.5 percent) or placed in surface impoundments
(18.1 percent); 4.1 percent were land-applied directly or as compost, and 0.3 percent were
distributed/marketed (U.S. EPA, 1993e).

g/year = grams per year

Sources: Gillespie (1995); Gillespie (1994); NCASI (1993); U.S. EPA (1993d); U.S. EPA (1993e).
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Table 8-4. CDD/CDF Concentrations in Graphite Electrode Sludge
from Chlorine Production

Congener/Congener Group

2,3,7,8-TCDD
1,2,3,7,8-PeCDD ^
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD"
1,2,3,4,6,7,8-HpCDD
OCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1/2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD*
Total 2,3,7,8-CDF*
Total TEQ*

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF* '

Sludge 1
(/'9/kg)

V"\ND (0.006)
CND (0.007)

'' ND(0.018)
ND (0.012)
ND (0.016)

0.095
0.92

26
25
12
32

7
1.3

0.87
9.1
8.1
31

1.015
152.37

13.5

ND (0.006)
ND (0.070)
ND (0.046)
0.22
0.92
64
75
68
24

31

263.14

Sludge 2
</'9/kg)

ND (0.009)
ND (0.009)
ND (0.026)
ND (0.016)
ND (0.022)

0.21
2.0
56
55
25

, \ \71
16

2.8
1.9
19
19
76

2.21
341.7

30.2

ND (0.009)
ND (0.009)
ND (0.064)
0.48
2
150
240
140
53
76

661.48

Sludge 3
(.ug/kg)

ND (0.009)
ND (0.009)
ND (0.029)
ND (0.019)
ND (0.025)

0.25
2.2
57
56

• 24
73
15

2.6
2.0
19
20
71

2.45
339.6

30.2

ND (0.009)
ND (0.009)
ND (0.074)
0.56
2.2
140
240
140
54

71

647.76

Sludge 4
(A'9/kg)

ND
ND (0.033)

ND (0.49)
ND (0.053)

ND (1.2)
0.055

0.65
52
55
27
44
12

1.7
1.3
15
14
81

0.705
303

27.7

NR
NR
NR
NR

0.65
NR
NR
NR
NR
81

NR

ND = Nondetected (values in parentheses are the reported detection limits)
NR = Not reported
* = Calculated assuming not detected values were zero.

= micrograms per kilogram

Sources: Rappe et al. (1991); Rappe (1993)
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Table 8-5. CDD/CDF Concentrations in Metal Chlorides

CD

Congener Group

Total TCDD

Total PeCDD

Total HxCDD

Total HpCDD

Total OCDD

Total TCDF

Total PeCDF

Total HxCDF

Total HpCDF

Total OCDF

FeCI3

(pg/kg)

NR

NR

NR

ND

ND

NR

NR

NR ;

12

42

AICI3

(^g/kg)

NR

NR

NR

ND

ND

NR

NR

NR

ND

ND

AlClg

(/^g/kg!

NR

NR

NR

ND

0.1

NR

NR

NR

ND

34

CuCl2
(^g/kg)

NR

NR

NR

0.03

0.6

NR

NR

NR

0.1

0.5

CuCl
(^g/kg)

NR

NR

NR

ND

0.03

NR

NR

-NR

0.08

0.2

ii'cu
(^g/kg)

NR
rt

NR /
*>

NR

ND

ND

NR

NR

NR

ND

ND

SiCl4
(^g/kg)

NR

TNR
/

NR

ND

ND

NR

NR

NR

ND

ND

o

a
o
z
o
H
O
G
O
Hm
o
»
O
3m

CO
<o
oo

NR = Not reported.
ND = Nondetected (detection limit of 0.02 ^g/kg)

= micrograms per kilogram

Source: Hutzinger and Fiedler (1991a)



Table 8-6. CDD/CDF Concentrations in Mono- through Tetra-Chlorophenols

00
i.
CO

Congener/
Congener Group

Total TCDD

Tot.nl PeCDD

Total HxCDD

Total HpCDD

Total OCDD

Total TCDF

Total PeCDF

Total HxCOF

Total HpCDF

Total OCDF

Total CDD/CDF

2-CP
(Ref. A)
(mg/kg)

NO (0.02)

ND (0.02)

ND 10.02)

ND (0.02)

ND (0.02)

+

ND

ND

ND

ND :

2,4-DCP
(Ref. A)
(mg/kg)

ND (0.02)

ND (0.02)

ND (0.02)

ND~(0;02)

ND (0.02)

ND ':

ND

ND

ND

ND

2,6-DCP
" (Ref. A)

(mg/kg)

ND (0;.02)

ND (o'.02)

ND (0.02)

" ND (0.02)

ND (0.02)

ND *

ND

ND

ND

ND -

- - '

2.4,5-TrCP
(Na salt)
(Ref. A) -
(mg/kg)

ND (0.02) - 14

ND (0.02)

ND (0.02)

ND (0.02)

ND (0.02)

ND

ND

ND

NO

ND

:

2,4,5-TrCP
(Ref. A)
(mg/kg)

ND (0.02) - 6.5

ND (0.02) - 1.5

ND (0.02)

ND (0.02)

ND (0.02)

ND

ND

ND

ND

ND "'

-

2,4,6-TrCP
(Ref. A)
(mg/kg)

ND (0.02) - 49

ND (0.02)

ND (0.02)

ND (0.02)

ND (0.02)

+

+

+

ND

ND

-

2,4,6-TrCP
(Na salt)

(Ref. B & C)
(mg/kg)

. <0.02

<0.03

<0.03

<0.1

<0.1

1.5

17.5

36

4.8

-

--

2,3,4,6-TeCP
(Ref.-'A)
(mg/kg)

'V™

ND (0.02) ""',

ND (0.02)

ND (0.02) - 15 "

ND (0.02) - 5.1

ND (0.02) - 0.17

+

•f

' +

+

+

--

2,3,4,6-TeCP
(Na salt)

(Ref. B & C)
(mg/kg)

0.7

'* ..^5.2
"»

/ j 9.5
'S

5.6

0.7

0.5

10

70

70

10

o
73

o
z
o
H
O
C
o
m
O
73

n
3m

ND = Not detected; value in parentheses is the detection limit, if reported.
+ = Detected but not quantified.
-- = Not reported.
mg/kg = milligrams per kilogram
Rei. A: Firestone et nl. (1972); because of poor recoveries, authors stated that actual CDD/CDF levels may be considerably higher than those reported.
Ret. B: Rnppe et nl. (T978a); common Scandinavian commercial chlorophenols.
Ref. C: Rappe et ai. (1978b); common Scandinavian commercial chlorophenols.
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Table 8-7. Historical CDD/CDF Concentrations in Historical and Current Technical Pentachlorophenol Products

Congener/
Conqenor Group

2.3.7.S TCOD
.2.3.7.9 PoCOO
,2.3.4,7.8 HxCDD
.:.3.6.7.8-H«CDD
.:..!. 7,8.9 HxCOD
.:.3.J.li.7.B HuCOD

OCDD

7.3, 7. 8 "ICDF
1,2 .3 ,7 .8-PoCDF
2.3,4.7.S-PeCOF
1.2 ,3 ,4 ,7 .8 -HxCDF
1.2,3,6,7,8-HxCDF
1.2,3,7,8.9-HxCDF
2.3,4,6.7.8-HxCDF
1.2,3.4,6.7,8-HpCDF
1.2.3,4,7,8,9-HpCOF
OCOF

Total 2,3.7,6-CDD'
Total 2.3.7.8-CDF-
Total T E Q -

Total TCDO
Total PeCDO
Total HxCDD
Total HpCDD
Total OCDD
Total TCOF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF'

PCP
(Rel. 8)
11973)

(..O'kQl

NDI20I
ND(30I
5.500
98,000
220.000

40
250

22,000
150.000
160,000

655,800

PCP
(not. ci
(1978)
lug/kgl

130,000

900

4.000
32,000
120.000
1 30.00O

1.280.00O

PCP
(Rel. A)
[1979I
(eg/kg)

' 10,100
296. OOO

1,386.000

1,400

9,900
88,000
43.000

1,834.400

PCP
IRel. D)
119841
l.-0/kg)

NO 11 01
NO (101

2.200
100

1 00. OOO
6 10. OOO

NO 1 10)

130.0OO

712,300

1,970

NO (10)

NO (1OI

4,500
1 35.0OO
610,000
ND (10)

62,000
130,000

941.500

PCP
(Rof . I]

(1985)
1,'0/kn) -

NO 10.05)
NO (1)

6
2. SCO

4<1

210.000
1.475.000

ND (0.5)
.ND ID
NO (II

49

5

5

ND (11

34,000
4,100

222,000

1,687,615
260,159

4.445

ND

ND

4,694
283.0OO

1,475,000
6

10

1,982

125,000
222.OOO

2,11 1,692

PCB
(Ref. 1)
(1986)

(eg/kg)

ND (0.05!
ND (1)

8
1,532

28
106, OOO

930. OOO

ND 10.5)
ND (11
NO 11)

34
4

ND (1)

ND (1)

29,000
6,200

233,000

1,037,568
268,238

2,736

ND
ND

2,925
134,000
930.OOO

ND
3

1.407
146.000
233.000

1,447.335

PCP
IRel, E)
(1987)

ItfO/krj!

ND (0.03)
1

ND (11
831
28

78, OOO
733. OOO

ND 10.11
0.5
1.5
125

ND (11
32

ND (1)
11,280

637
118,000

811,860
130,076

1,853

1.9
6.5

1,700
154.OOO
733.000

0.8
141

4,300
74,000
1 18,000

1.085,000

PCP
(Rel. F)
(1987)

'"O'kfll

ND (0.051
2

ND ID
1,480

63
99.900

790.OOO

ND 10.1)
0.2
0.9
163

ND (11
146

NO ID
19,940

980
137,000

891,435
158,230

2.321

0.4
15.2

3,300
198, OOO
790,000

0.4
343

13,900
127,000
137.0OO

1,270,000

PCP
(Rel. 1)

(1985-88)

Icn'kfll

ND (0,05)
ND ID

0
600
13

89,000
2. 723. OOO

ND 10.5)
ND ID
ND (1)

67
2

ND ID
ND (1)
22.000
3,400

237,000

2,812,621
262, 46S

4,173

ND "
ND
912

117,000
2,723,000

ND
200

1.486
99.000
237.00O

•3,178.598

PCP
(Ref. Gl
11991)
l/'O/kD)

ND
NO

1.100.000

ND
ND

ND

170.0OO

>1,270

ND (10)

ND (10)

8,900
1 30,000
1,100,000

ND (10)

ND (10)

14,000
36.000

••' 1 70, OOO

1.459,000

PCP
IRof. H)

(1987-96)
"'Vo/kgl

- -

ND (1)
ND (10)
1,530
62.9OO

ND (10)
ND (1O)
2,500
38,600

PCP
(Ref, J)

11987-96)
(yo/kg)

ND (0.51

• ' . »'*"i
*/..

ND
ND

1,686
61,083
231,755

54
509

15,534
93.377
156.451

560.448

PCP
IRaf. K)

(unknown)
(^g/kgi

ND (10)
ND (10)
ND (101

B60
20

36.4OO
296.810

ND (10)
ND (101
ND (1O)

2OO

ND (201
ND (20)

NO 120)

2,000
140

19,940

334,130
22,280

811

--

CD

-F*
<£>

O
H
O
C
O
Hm
o
pa
O
3
tn

ND ™ Not detected; value in parentheses is the detection limit.
-- ~ Not reported.
" - Calculated assuming not detected values are zero.
yO'kg " micrograms per kilogram

CD
IO
CD



Table 8-7. Historical CDD/CDF Concentrations in Historical and Current Technical Pentachlorophenol Products (continued!

Sources:

Ref. A: U.S. DHHS (1989); composite of technical grade materials produced in 1979 by. Monsanto Industrial Chemical Co. (St. Louis, MO), Reichhold Chemicals, Inc. (White Plains,
NY), and Vulcan Materials Co. (Birmingham, AL).

Ref. B: Buser and Bosshardt (1976); mean of 10 samples of "high" CDD/CDF content PCP,received from Swiss commercial sources in 1973.
Ref. C: Rappe et al. (1978b); sample of U.S. origin "presumably prepared by alkaline hydrolysis of hexachlorobenzene."
Ref. D: Cull et al. (1984); mean of four "recent" production batches from each of two manufacturers of technical PCP using three different analytical methods; ANOVA showed no

statistically significant difference in CDD/CDF concentrations between the eight samples (samples obtained in the United Kingdom).
Ref . E: Hagenmaior and Brunner (1987); sample of Witophen P (Dynamit Nobel - Lot no. 7777) (obtained in Germany).
Ref. F: Hagenmaier and Brunner (1987); sample of PCP produced by Rhone Poulenc (obtained in Germany). -,;
Ref. G: Harrad et al. (1991); PCP-based herbicide formulation from NY State Dept. Environm. Conservation.
Ref. H: Pentachlorophenol Task Force (1997); average of monthly batch samples for the period Jan. 1987 to Aug. 1996. \ <^
Ref. I: Pentachlorophenol Task Force (1997); samples of "penta" manufactured in 1985, 1986, and 1988. 2 ^^' 73
Ref. J: KMG-Bermuth, Inc. (1 997); average of monthly batch samples for the period Feb. 1987 to Dec. 1996 (excluding the following months for which-'data Jivere not available: 5>

Feb. 1993, Jan. 1992, Dec. 1991, Sept. 1991, Dec. 1988, and Sept. 1988). ^J 3
Ref. K: Schecter et al. (1997); sample found stored in a barn in Vermont. ' \
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DRAFT-DO NOT QUOTE OR CITE

Table 8-8. Historical CDD/CDF Concentrations in Pentachlorophenol-Na

Congener/Congener Group

2,3.7,8-TCDD
1,2,3,7.8 PeCDD
1,2,3,4,7,8-HxCDD
1,2, 3,6.7, 8-HxCDD
1,2,3, 7,8, 9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2, 3,4,7, 8-HxCDF
1,2,3,6,7,8-HxCDF
1,2, 3,7,8, 9-HxCDF
2,3 4,6,7,8-HxCDF
1,2 3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD1

Total 2,3,7,8-CDF'
Total TEQ'

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF'

PCP-Na
(Ref. A)
(1969)
(^g/kg)

-

3,600

..

-

_.

..

17,000
9,600
3,600

PCP-Na
(Ref. B)
(1973)
(;;g/kg)

.
X,

_.
._

-

..

-

140
40

140
1,600
4,000

ND (20)
60

1,400
4,300
4,300

15,980

PCP-Na
(Ref. C)
(1973)
(Atg/kg)

-

-

-

-

_ _

-

--

-

..

-
-

50
ND (30)
3,400

38,000
110,000
ND (20)

40
11,000
47,000
26,500

235,990

PCP-Na
(Ref. D)
(1987)
teg/kg)

0.23
18.2
28.3

2,034
282

9,100
41,600

1.8
8.2
6.6
48
69

N5> (*) \
87

699
675

37,200

53,063
38,795

452

27
213

3,900
18,500
41,600

82
137

3,000
13,200
37,200

117,859

PCP-Na
(Ref. E)
(1987)
l^g/kg)

0.51
3.2

13.3
53.0
19.0

3,800
32,400

0.79
1.9
1.1
4.6
1.3

1.3
4.6
197
36

4,250

35,289
4,499
79.5

52
31

230
5,800

32,400
12
27
90

860
4,250

43,752

PCP-Na
(Ref. F)
(1992)
l.-g/kg)

0.076
18.7
96

4,410
328

175,400
879,000

ND (1.0)
ND (4.0)
ND (4.0)

,. 27.6
21.9
9.8
103

9,650
2,080

114,600

1,059,253
126,492
3,374

3.6
142.7
9,694

260,200
879,000

10.1
88.4

9,082.3
75,930
1 14,600

1,348,751

PCP-Na
(Ref. G)
(1980s)
(^g/kg)

ND (1.4)
28.3

ND (6.1)
4,050

ND (1.4)
33,800
81,000

149

319
324

ND (2.8)
225
480

ND (385)
6,190

154
36,000

118,878
43,841
1,201

1.9
140

14,000
100,000
81,000

1200
6400

49,000
91,000
36,000

378,742

ND = Not detected; value in parentheses is the detection limit.
-- = Not reported.
* = Calculated assuming not detected values are zero.

= micrograms per kilogram.

Sources:
Ref . A: Firestone et al. (1972); mean of two samples of PCP-Na obtained in the United States between 1967 and 1969. .
Ref. B: Buser and Bosshardt (1976); mean of five samples of "low" CDD/CDF content PCP-Na received from Swiss commercial

sources.
Ref . C: Buser and Bosshardt (1976); sample of "high" CDD/CDF content PCP-Na received from a Swiss commercial source.
Ref . D: Hagenmaier and Brunner (1987); sample of Dowicide-G purchased from Fluka; sample obtained in Germany.
Ref . E: Hagenmaier and Brunner (1987); sample of Preventol PN (Bayer AG); sample obtained in Germany.
Ref . F: Santl et al. (1994c); 1992 sample of PCP-Na from Prolabo, France.
Ref. G: Palmer et a!. (1988); sample of a PCP-Na formulation collected from a closed sawmill in California in the late 1980s.
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Table 8-9. Summary of Specific Dioxin-Containing Wastes That Must Comply with Land Disposal Retrictions

EPA Hazardous
Waste Number

F020

FO:I

FO::

FOM

F026

F027

Waste Description

Wastes (except wastewatcr and spent carbon from hydrogen chloride purification) from
the production or manufacturing use (as a reactant, chemical intermediate, or
component in a formulating process) of tri- or tetrachlorophenol, or of intermediates
used to produce their pesticide derivatives. (This l isting does not include wastes from
the production of hexachlorophene from h igh ly purified 2,4,5-trichlorophenol.)

Wastes (except wnslewater anil spent carbon from hydrogen chloride purification) from
the production or manufacturing use (as a reactant,, chemical intermediate, or
component in a formulating process) of pentachlorophenol, or of intermediates used to
produce its derivatives.

Wastes (except \vaste\vater and spent carbon from hydrogen chloride purification) from
the manufacturing use (as a reaclant. chemical intermediate, or component in a
formulating process) of tetra-, penta-, or hexachlorobenzenes under alkaline conditions.

Wastes (except wastewater and spent carbon from. hydrogen chloride purification) from
the production of materials on equipment previously used for the production or
manufactur ing use (as a rehctant , chemical intermediate, or component in a formulat ing
process) of tri- and tetrachlorophenols. (This listing does not include wastes from
equipment used only for the production or use of hexachlorophenc from highly pur i f ied
2.4.5-lrichlorophenol.)

Wastes (except wasiewater and spent carbon from hydrogen chloride purif icat ion) from
the production of materials on equipment previously used for the manufacturing use (as
a reactant. chemical intermediate, or component in a formulating process) of tetra-,
penta-, or hexachloroben7ene under alkaline conditions.

Discarded unused formulations conta in ing t r i - . telra-, or pentachlorophenol or discarded
unused formulations conta in ing compounds derived from these chlorophenols. (This
l i s t ing does not include formulations containing hexachlorophene synthesized from
prepurified 2,4,5-trichlorophenol as the sole component.)

Land Disposal
Restriction Effective

Date

Novembers, 1988

November 8, 1988

November 8, 1988

Novembers, 1988

Novembers. 1988

Novembers, 1988

Regulated
Waste

Constirutent

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

JCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

Treatment Standard' (ppb)

Wastewaters
(A'g/L)

0.063
0,063
0.063
0.063 ..;

0.035 " '-.
0.063

0.063
0.063
0.063
0.063
0.035
0.063

0.063
0.063
0.063
0.063
0.035
0.063

0,063
0.063
0.063
0.063
0.035
0.063

0.063
0.063
0.063
0.063
0.035
0.063

0.063
0.063
0.063
0.063
0.035
0.063

Nonwastewaters
(Mg/kg)

1
1
1
1
1
1

-* ,*&*•• \
\
i 1

*S '1
1
1
1
I
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
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Table 8-9. Summary of Specific Dioxin-Containing Wastes That Must Comply with Land Disposal Retrictions (continued)

CO
c!n
00

EPA Hazardous
Waste Number

F020

F039

K043

K099

Waste Description

nosiduos resulting f rom the incineration or thermal treatment o1 soil
contaminated with EPA Hazardous Waste Nos. F020-F023, F026, and
F027

Leachate (liquids that have percolated through land disposed wastes)
resulting from the disposal of more than one restricted waste classified as
hazardous under subpart D of 40 CFR 268. (Leachate resulting from the
disposal of one or more of the following EPA Hazardous Wastes and no
other Hazardous Wastes retains its EPA Hazardous Waste Number(s):
F020, F021, F022, F026, F027, and/or F028.)

2,6-dichlorophenol waste from the production of 2,4-D.

Untreated wastewater from the production of 2,4-D.

Land Disposal
Restriction

Effective Date

November 8, 1988

August 8, 1990
(wastewater)
May 8, 1992

(non-wastewater)

June 8, 1989

August 8, 1988

Regulated
Waste

Constitutent

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCDFs

TCDDs
PeCDDs

-HxCDDs
^TCDFs
J'eCDFs
HxCDFs

TCDDs
PeCDDs
HxCDDs
TCDFs
PeCDFs
HxCtJFs

Treatment Standard* (ppb)

Wastewaters

0.063,,
0.063 -.
0.063
0.063
0.035 ./
0.063

0.063
0.063
0.063
0.063
0.035
0.063

0.063
0.063
0.063
0.063
0.035
0.063

0.063
0.063
0.063
0.063
0.035
0.063

N on waste waters

1
1
1

-V-- 1

'"f 1
• j. 1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

° Treatment standards (i.e., maximum allowable concentration in waste extraact) are based on incineration to 99.9999 percent destruction and removal efficiency.
pg/L = micrograms per liter
/jg/kg = micrograms per kilogram
Source: 40 CFR 268
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Table 8-10. CDD/CDF Concentrations in Chlorobenzenes

CO
en

Congener/
Congener Group

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

MCBz
(Ref. A)
(Vvg/kg)

ND (0.02)
MD (0.02)
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)

--

" '1,2-DGBz '
(for synthesis)

(Ref. A)
lug/kg)

0.3
ND (0.02)
ND (0.02)
ND (0.02)
ND (0.02)

. ND (0.02) -
0.5'

,ND (0.02:)
ND (0.02)

. ND (0.02)

--

1,2,4-TrCBz
("pure")

. (Ref. B)
(A/g/kg)

ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)
ND (0.1)

--

Mixed TrCBz
(47%)

(Ref. A)
!^g/kg)

0.027
0.140
0.259
0.253
o:osi
0.736
0.272
0.091
0.030
0.016

1.904

1 ,2,4,5-TeCBz
(99%)

(Ref. A)
U<g/kg)

ND (0.02)
0.2
0.5
0.8
0.4
0.03
0.2
0.8
1.5
2.1

--

PeCBz
(98%)

(Ref. A)
l^g/kg)

ND (0.02)
ND (0.02)

0.02
0.02
0.05

• 0.02
ND (0.02)
ND (0.02)

^0.1
A1
-"'

HCBz '=•
(97%)

(Ref. A)
l^g/kg)

ND (20)
ND (20)
ND (20)

470
6,700

ND (20)
ND (20)
ND (20)

455
2,830

--

HCBz
"> (Rgt B)

•'' $g/kg)

*/ -
--
--
-

50 - 212,000
--
--

--
350 - 58,300

-

ND = Nondetected; value in parentheses is the detection limit, if reported.
-- = Not reported.

= micrograms per kilogram.

Ref. A: Hutzinger and Fiedler (199la); unpublished results of tests performed at the Univ. of Bayreuth, Germany and by Dr. H. Hagenmaier.
Ref. B: Villanueva et al. (1974); range of three samples of commercially available HCBz.
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Table 8-1 1. Concentrations of CDD/CDF Congener Groups in Unused Commercial PCB Mixtures

PCB Mixtuie

Aiocloi 1016

Aroclor 1242

Aroclor 1 242
Aroclor 1 2'12

Clophen A-30

Clophen A. 30

Atoclot 1248

Clophen A-40

Kanechlor 400

Aroclor 1 254

Aroclor 1 254

Aroclor 1254

Aroclor 1 254

Clophen A-50

Aroclor 1 260

Aroclor 1 260

Aroclor 1260
Aroclor 1260
Clophen A-60
Clophen A-60
Clophen A-60
Phenoclor DP-6

Clophen T-64

Prodelec 3010

Manufacture

1972

1969

1969
1970

1969

--

--

--

CDF Congener Group Concentrat ions (mg/kg)

TCDF

ND

0.07
2.3

0.25
6.377
0.713

0.5
1.289

0.1
0.2

0.02
0.05

5.402

0.3
0.1
0.8
0.2

15.786
16,340

1.4

0.7

0.3

1.08

PeCDF

ND

0.03
2.2
0.7

2.402
0.137

1.2
0.771

0.2
0.4
0.2
0.1

2.154

1.0
0.4

0.9
0.3

11.655
21.164

5.0
10.0

1.73

0.35

HxCDF

ND

0.003
ND

0.81
0.805
0.005

0.3
0.144

1.4
0.9
0.6

0.02
2.214

1.10
0.5
0.5
0.3

4.456
7.630

2.2
2.9

2.45

0.07

HpCDF

..

0.108
0.001

0.020
--

0.479

1.35

1.517
2.522

.--
-

0.82

OCDF

._

0.016
ND

0.011
--

._

--

0.069

-
--

0.539
1.024

--
-

-

Total
CDF

ND

0.15
4.5
1.9

9.708
0.855

. 2.0
2.235

20.0

1.7
1.5
0.8
0.2

10.318

3.8
1.0
2.2
0.8

34.052
48.681

8.6
13.6

5.4

2.0

CDD Congener Group Concentrations (mg/kg)

TCOD

.,

..

0.0007
ND

ND

ND

..

0.0004
ND

--

-

PeCDD

ND
ND

-.

ND
-

ND

--

-

0.002
ND
-
-

-

HxCDD

0.001
ND

ND

ND

-
0.002
- ND

-

HpCDD

0.006
0.005

._

0.012
-

--
-

0.011

-

-

0.003
0.014

--

OCDD

0.031-,,
0.025

0.030,"

-

0.027

-
--

0.015
0.032

--

Total
CDD

0.039
0.030

> .*>*
O.GC42

*> '> "
"

0.038

-.

0.022
0.046

-
-

Reference
Number

a

b. c
b, c

b
e
d

b
d

b, c

a
a

b, c
b
d

b, c
a

b, c
a
e
d
s
a

b

b

a
73
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o
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m
O
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n
m

ND = Nondetected
-- = Not reported
mg/kg = milligram per kilogram

References
a: Bowes et al. (1975a)
b: Erickson (1986)
c: ATSDR (1993)
d: Hagenmaier (1987)
e: Malisch (1994)



Table 8-12. 2,3,7,8-Sijbstituted Congener Concentrations in Unused PCB Mixtures

Congener

2.3.7.8-TCDD
1,2.3.7.8-PeCDD
1 2 3 4 7 8-HxCDD
1.2.3.6,7.0-HxCDD
1 2 3 7,8 9-HxCDD
1 2 3 4 6 7 8-HpCDD
OCDD

2.3.7.8-TCDF
1,2.3.7,8-PeCDF
2.3.4.7,8-PeCDF
1,2.3.4,7,8-HxCDF
1,2.3,6.7,8-HxCDF
1 2 3 7,8.9-HxCDF
2,3.4.6,7.8-HxCDF
1.2,3,4,6,7.8 HpCDF

1 2 3 4 7 8 9 HpCDF
OCDF

Total TCDD
Total PeCDD
Tota l HxCDD
Tota l HpCDD
Total OCDD

Tota l TCOF
T o t a l PeCDF
Total HxCDF
Toi.il HpCDF
Total OCOF

rotnl CDD'CDF1

T o t a l I -TF.Q'

Congener Concentrations in Clophens (//g/kg)

A-30
(Ref. A)

ND
ND
ND
0.8
ND
5.6

31.1

1032.6
135.8
509.2
301.4

65.3
ND

50.6
43.7
22.5
15.7

0.7
ND
1.2
5.6

31.1

G37G.G
2402.4

804.8
108.3

15,7

9746.4 '
407.2

A-30
-(Ref. B)

ND
•: ND

ND
ND
ND
2.4

24.7

36.9
14.9
13.1

1.9
0.8
ND
O.1
0.6
ND
ND

ND
ND
ND
5.4

24.7

713
136.5

5.1
0.8
ND

085.5
14.70

A-40
IRef. B)

ND
ND
ND
ND
ND
4.4

30.3

250.2
"' 52.7

171.3
48.4
19.6
0.7
6.8

7
2.8

1 1.4

ND
ND
ND

11.6
30.3

1289.4
770.8
143.6

19.5
1 1.4

2276.0
71.71

A-50
(Ref. B)

ND
ND
ND
ND
ND
5.3

26.9

1005.7
155.2
407.5
647.5
227.5

8.3
62.5

205.5
72.2
69.2

ND
ND
ND

11.0
26.9

5402.3
2153.7
2213.8

478.8
69.2

10355.7
327.1 1

A-60
(Rof. Al

ND
0.1
0.2
ND
ND
2.5

14.9

2287.7
465.2

1921.9
1604.2

157.6
42.8

369.5
480.6
321.7
639.2

0.4
2.0
1.8
3.0

14.9

15785.7
1 1654.6
4455.8
1517.0
639.2

34074.4
1439.2

A-60
'(Ref. B)

ND
ND
ND
ND
ND
6.8

'32.3

3077.2
1750.8

2917
2324.1

351.3
19

408.3
1126.1

304
1024.3

ND
ND
ND

13.5
32.3

16340
21164

7630.2
2522.3
1024.3

48726.5
1444.2

Congener Concentrations in Aroclors yg/kg)

1016
(Ref. C)

,.

-

0.10

1.75

0.08

-

1242
(Ret. Cl

..

40.1
..

40.8

0.26

1248
(Ref. D)

330

830

1254
(Ref. C)

28.0

1 10

28.8

—

1254
(Ref. C)

20.9

179

28.7

-

1254
(Ref. C)

-iv,

55.8 '••
.,

105

19.4

-

1254
(Ref. D)

..

110
'\

., 120

-""' • •••'•"!

*' '-•$?

_t

•&J&.

.-

1260
(Ref. Cl

63.5

135
V.

5.1

1260
(Ref . C)

6.88

58.2

9.7

1260
(Ref . C)

29.0

1 12

10.7

ND = Nondetected. .
= Not reported.

• = Calculated asumming not detected values are zero,
j.g/kg = micrograms per kilogram.

References:
A~i Malisch (19941
B = Hngenmaier (1987)
C = Brown et al. (1988)
D = Rowes |1975b)
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Table 8-13. Reported CDD/CDF Concentrations in Wastes from PVC Manufacture

\
Congener/Congener Group "^

>-*\
2,3,7,8-TCDD , V
1,2,3,7,8-PeCDD ;

1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF78

1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2, 3,4,7, 8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

F024 Waste

•V (,"9/kg)
'V

0.37
0.14
0.30
0.14
0.11
4.20

15.00

0.91
9.5
1.6

110
24.0

9.5
3.1

250
51.0
390

20.3
849.6
19.98

3.1
3.6
1.3
5.0

15.0
15.0
65.0
300
450
390

1,248

K019 Waste

(^g/kg)

260
890
260
330
620
920

1,060

, \ \ 680
975

1,050
10,100
9,760

21,800
930

13,400
1,340

43,500

4,340
103,535

5,928

1,230
3,540
3,950
1,270
1,060

20,600
45,300
63,700
16,600
43,500

200,750

K020 Waste

(,"9/kg)

0.06
0.05
0.08
0.06

- 0.07
0.89
3.00

0.44
1.80
0.58
11.0
2.4
1.3

0.89
38.0
6.0

650

4.21
712.4

3.19

1.9
1.7
NR

1.7
3.0
6.0

11.0
27.0
58.0
650

760.3

NR = Congener group concentration reported in source is not consistent with reported
congener concentrations.
= micrograms per kilogram

Source: Stringer et al. (1995)
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Table 8-14. CDD/CDF Measurements in Products and Treated Wastewater from U.S. PEDC/VCM/PVC Manufacturers

Congener and
Congener Groups

2,3,7,8-TCDD
1.2,3,7,8-PeCDD
1,2.3 4,7,8-HxCDD
1,2.3,6,7.8-HxCDD
1.2,3,7,8,9-HxCDD
1.2. 3.4,6,7. 8-HpCDD
OCDO

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCOF
1,2,3,4,7.8-HxCDF
1,2.3,6,7,8-HxCDF '
1,2,3,7,8,9-HxCDF
2,3,4.6,7,8-HxCDF
1,2.3,4',6.7,8-HpCDF
1.2.3,4,7,8.9-HpCDF
OCDF

Mean TEO (ND = zero)
Mean TEQ (ND = 1/2 DL)

Total TCDD
Total PeCDD
Total HxCDD
Total Hp'CDO
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Suspension and Mass PVC Resins

No. Detects/
No. Samples

0/22
0/22
0/22
0/22
0/22
1/22
0/22

0/22
0/22
0/22
0/22
0/22
6/22

• 1/22
0/22
0/22
0/22

0/22
0/22
0/22
1/22
0/22
0/22 .
0/22
1/22
0/22
0/22

Range of
Detected

Cone. (ng/kgl

Min.

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

0.002

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

Max.

nd
nd
nd
nd
nd

0.64
nd

nd
nd
nd
nd
nd
nd

0.37
nd
nd
nd

0.65

nd
nd
nd

0.64
nd
nd
nd

0.37
nd
nd

Dispersion PVC Resins

No. Detects/
No. Samples

0/6
0/6
0/6
0/6
0/6
1/6
0/6

0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
2/6

1/6
1/6
5/6
1/6
Q/6
0/6
1/6
0/6
0/6
2/6

Range of
Detected

Cone, (ng/kg) .

Min.

nd
nd
nd
nd
nd
nd
nd

. nd
nd
nd

, nd
nd
nd
nd
nd
nd
nd

0.001

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

Max.

nd
nd
nd
nd
nd
0.8
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd

0.38

0.35

0.24
0.32
0.97
1.3
nd
nd
0.3
nd
nd

0.38

Ethylene Dichloride IEDC)

No. Detects/
No. Samples

0/5
0/5
0/5
0/5
0/5
0/5
0/5

0/5
0/5
0/5
0/5
0/5
0/5
0/5
1/5
1/5
1/5

0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
1/5
1/5

Range of
Detected

Cone, (ng/kg)

Min.

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd

-nd

0:0005

nd
nd
nd
nd
nd
nd ...
nd
nd
nd
nd

Max.

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
1.1

0.40
11

0.21

nd
nd
nd
nd
nd
nd
nd
nd

2.02
1 1

Treated Wastewater

No. Detects/
No. Samples

-yVi

0/,10
o/ro.
0/10' .,
0/10 \
0/10^'' ;

3/10"
2/10 *?/*

0/10
0/10
0/10
1/10
1/10
0/10
2/10
4/10
3/10
0/10

0/10
0/10
0/10
3/10
2/10
0/10
0/10
2/10
3/10
5/10

Range of
Detected

Cone. (pg/U

Min.

nd
nd
nd

. Dd•Vs* '•
' nd

nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

0.60

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

Max

nd
nd
nd
nd
nd
26

260

nd
nd
nd
5.8
3.8
nd
6.5
78
20
3.2

4.5

nd
nd
nd
48
260
nd
nd
30
140
900

CD

CD
CO

i
a
o
z
o
H

O

m
O
73
n
q
m

nd = not detected,
ng/kg = nanograms per kilogram
pg/L = picograms per liter
Source: .The Vinyl Institute (1996)
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Table 8 - 1 5 . CDD/CDF Concentrations in Dioxazine Dyes and Pigments (Canada)

CO

en
(0

Congener/Congener

Group

2,3 ,7 ,8-TCDD

1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3 ,6 ,7 ,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3 ,7 ,8 -TCDF

1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF

OCDF

Total 2,3,7,8-CDD

Total 2,3,7,8-CDF

Total TEQ **

Total TCDD

Total PeCDD

Total HxCDD

Total HpCDD

Total OCDD

Total TCDF
Total PeCDF

Total HxCDF
Total HpCDF
Tota l OCDF

Total CDD/CDF- *

Blue 106

(i /g/kg)

ND (0.3)

ND (0.3)

ND (0.3)

ND (0.3)

31

41,953

ND (0.3)
ND (0.3)

ND (0.3)

12
*

ND (0.3)

50

12,463

41,984

12,525

56.4

ND (0.3)

ND (0.3)

ND (0.3)

34

41,953

ND (0.3)
ND (0.3)

12
71

12,463

54,533

ND (0.3)

ND (0.3)

ND (0.3)

ND (0.3)

6

28,523

ND (0.3)

ND (0.3)
ND (0.3)

2
•

ND (0.3)
10

1,447

28,529
1,459

30.2

ND (0.3)
ND (0.3)
ND (0.3)

8
28,523

0.3
ND (0.3)

2
32

1,447

30,012

ND (0.3)

ND (0.3)
--

ND (0.3)

ND (0.3)

9

18,066

ND (0.3)
ND (0.3)
ND (0.3)

2

*

ND (0.3)
14

--

1,006

18,075

1,022

19.5

ND (0.3)

ND (0.3)

ND (0.3)

12

18,066

ND (0.3)

ND (0.3)
2

26
1,006

19,1 12

Blue 108
(/vg/kg)

ND (0.3)

ND (0.3)

ND (0.3)

ND (0.3)

ND (0.3)

- 23

ND (0.3)
ND (0.3)
ND (0.3)
ND (0.3)

*

ND (0.3)
9
--

1 1

23
20

0.1

ND (0.3)
ND (0.3)

1
ND (0.3)

23
ND (0.3)
ND (0.3)
ND (0.3)

12
1 1

47

Violet 23
(A^/kg)

ND (0.3)
ND (0.3)

ND (0.3)
ND (0.3)

9
7,180

ND (0.3)
0.5

ND (0.3)
76

*
--

ND (0.3)
13

941

7,189

1,031
16.0

ND (0.3)
ND (0.3)

21
30

7,180
ND (0.3)

0.5
76
26

941

8,275

ND (0.3)
ND (0.3)

ND (0.3)
ND (0.3)

1
806

ND (0.3)
ND'(0.3)
ND (0.3)

4
*

--
ND (0,3)

10
--

125

807
139
1.4

ND (0.3)
ND (0.3)

2
5

806
ND (0.3)
ND (0.3)

5
14

125

957

ND (0.3)

ND (0.3)
..

ND (0.3)
ND (0.3)

16
11,022

ND (0.3)
ND (0.3)
ND (0.3)

39
*
--

ND (0.3)
1 1

--
3,749

11,038

3,799

18.9

ND (0.3)
ND (0.3)

7
36

11,022
ND (0.3)
ND (0.3)

39
29

3,749

14,882

ND (0.3)
ND (0.3)

.,

ND (0.3)

ND (0.3)

10
7,929

ND (0.3)
ND (0.3)
ND (0.3)

31
*

--

ND (0.3)
4
--

1,556

7,939

1,591
12.7

* ND (0.3)

"ND (0.3)

'ND (0,3)

1 1

7,929
ND (0.3)
ND (0.3)

31
••" 13
1,556

9,540

ND (0.3)

ND (0.3)

ND (0.3)

ND (0.3)

2

1,627

ND (0.3) .
ND (0.3)
ND (0.3)

9
*

'

ND (0.3)
1

147

1,629
157
2.7

ND (0.3)
ND (0.3)
ND (0.3)

2
1,627

0.4
ND (0.3)

9
2

147

1,787

ND (0.3)
ND (0.3)

..

ND (0.3)

ND (0.3)
4

1,420

ND (0.3)
- ND (0.3)

ND (0.3)

'"* f I

*S "
ND (0.3)

12
-

425

1,424

444

2.7

ND (0.3)

ND (0.3)
1

6

1,420
ND (0.3)

ND (0.3)
7

21
425

1,880

to
<o
00

ND = Nondetected; value in parenthesis is the detection limit.

-- = Not reported. , .'
' = Results listed for 1,2,3,4,7,8-HxCDF include concentrations for 1,2,3,6,7,8-HxCDF.
* * = Nondetected values were assumed to be zero for calculation of Total TEQs and Total CDD/CDF.
pg/kg = trucrograms per kilogram
Source: Williams et al. (1992)

o

a
o
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Table 8-16. CDD/CDF Concentrations in Printing Inks (Germany)

Congener/Congener Group

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2, 3,4,6,7, 8-HxCDF
1,2,3,4,6,7,8-HpCDF
1 2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ *

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF

Total OCDF

Total CDD/CDF

Rotogravure

j. (2-color)

' "A (ng/kg)

V N D ( 1 )

8

19

325

155

2,770

5,810

2.5

ND (2)

ND 12)

4

ND (3)

ND (3)

ND (3)

40

ND (4)

129

9,087

175.5

90.1

4

58

2,679

5,630

5,810

5.5

13

29
64

129

14,422

Rotogravure
(4-color)

(ng/kg)

ND (1.5)

ND (4)

ND (5)

310

105

1,630

2,350

14

, ND (4)

'* ND (4)

7

ND (5)

ND (5)

ND (5)

14

ND (7)

ND (10)

4,395

35

66.2

ND (2)

145

2,485

3,460

2,350

28

ND (4)

45
14

ND(10)

8,527

Offset

(4-color)

(ng/kg)

ND (2)

15

16

82

42

540

890

7

ND (4)

ND (4)

27

ND (5)

ND (5)

ND (5)

315
1 1

960

1,585

1320

38.2

77

35

660

1,100

890

90

340

95
566

960

4,813

Offset

(4-color)

(ng/kg)

ND (2)

6
1 1

21

14

240

230

7

ND (3)

ND (3)

35

ND (5)

ND (5)

ND (5)

42

ND (6)

165 '

522

249 .

17.5

38

25

246

445

230

35

110

94
63

165

1,451

ND = Nondetected; value in parenthesis is the detection limit.
= Not reported. ••' '• ' • ' - " "

* = Calculation of TEQ values assumes nondetected congeners are present at half of their detection limits,
ng/kg = nanograms per kilogram.

Source: Santl et al. (1994c).
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Table 8-17. Chemicals Requiring TSCA Section 4 Testing Under the Dioxin/Furan Rule

CAS No.

79-94-7
118-75-2
118-79-6
120-83-2
1163-19-5
4162-45-2
21850-44-2
25327-89-3
32534-81-9
32536-52-0
378*53-59-1
55205-38-4

Currently Manufactured or Imported as of June 5, 1987a I

4
Chemicar-Nar^e ||

xs V-
TetrabronTqbisphenol-A II
2,3,5,6-Tetrachloro-2,5-cyclohexadiene-1 ,4-dione
2,4,6-Tribromophenol

••• 2,4-Dichlorophenol
Decabromodiphenyloxide I
Tetrabromobisphenol-A-bisethoxylate , II
aTetrabromobisphenol-A-bis-2,3-dibromopropylether II
Allyl ether of tetrabromobisphenol-A
Pentabromodiphenyloxide >, I]
Octabromodiphenyloxide
1,2-Bis(tribromophenoxy)-ethane t * N

aTetrabromobisphenol-A-di aery late ||

Not Currently Manufactured or Imported as of June 5, 1987b

CAS No.

79-95-8
87-10-5
87-65-0
95-77-2
95-95-4
99-28-5
120-36-5
320-72-9
488-47-1
576-24-9
583-78-8
608-71-9
615-58-7
933-75-5
1940-42-7
2577-72-2
3772-94-9
37853-61-5

Chemical Name

Tetrachlorobisphenol-A j
3,4',5-Tribromosalicylanide
2,6-Dichlorophenol
3,4-Dichlorophenol
2,4,5-Trichlorophenol
2,6-Dibromo-4-nitrophenol
2[2,4-(Dichlorophenoxy)]-propanoic acid
3,5-Dichlorosalicyclic acid
Tetrabromocatechol I

• 2,3-DichIorophenol
2,5-Dichlorophenol
Pentabromophenol I
2,4-Dibromophenol I
2,3,6-Trichlorophenol
4-Bromo-2,5-dichlorophenol
3,5-Dibromosalicylanide
Pentachlorophenyl laurate
Bismethylether of tetrabromobisphenol-A
Alkylamine tetrachlorophenate
Tetrabromobisphenol-B

a Tetrabromobisphenol-A-bis-2,3-dibromopropylether and tetrabromobisphenol-A-diacrylate are no longer
manufactured in or imported into the United States (Cash, 1993).

As of August 5, 1995, neither manufacture nor importation of any of these chemicals had resumed in the
United States (Holderman, 1995).
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Table 8-18. Congeners and Limits of Quantitation (LOQ) for Which
Quantitation is Required Under the Dioxin/Furan

Test Rule and Pesticide Data Call-in

v

'

Chlorinated Dioxins
and fjurans

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1, 2,3,4,7, 8-HxCDD

1]2, 3,6,7, 8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

2,3,7,8-TCDF

1, 2,3,7, 8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2, 3,6,7, 8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF '

Brominated Dioxins
and Furans

2,3,7,8-TBDD

1, 2,3,7, 8-PeBDD

1,2,3,4,7,8-HxBDD
t \ \

1,2,3,6,7,8-HxBDD

1,2,3,7,8,9-HxBDD

1,2,3,4,6,7,8-HpBDD

2,3,7,8-TBDF

1,2,3,7,8-PeBDF

2,3,4,7,8-PeBDF

1,2,3, 4,7, 8-HxBDF

1,2,3,6,7,8-HxBDF

1,2,3,7,8,9-HxBDF

2,3,4,6,7,8-HxBDF

1,2,3,4,6,7,8-HpBDF

1,2,3,4,7,8,9-HpBDF

LOQ
(."9/kg)

0.1

0.5

2.5

2.5

2.5

100

1

5

5

25

25

25

25

1,000

1,000

= microgram per kilogram.

8-62 April 1998



DRAFT-DO NOT QUOTE OR CITE

Table 8-19. Precursor Chemicals Subject to Reporting
Requirements Under TSCA Section 8(a)

CAS No. Chemical Name

85-22-3
87-61-6
87-84-3
89-61-2
89-64-5
89-69-0
92-04-6
97-74-6
94-81-5
95-50-1
95-56-7
95-57-8
95-88-5
95-94-3
95-50-7
99-30-9
99-54-7
106-37-6
106-46-7
108-70-3
108-86-1
108-90-7
117-18-0
120-82-1
348-51-6
350-30-1
615-67-8
626-39-1
827-94-1

Pentabromoethylbenzene
1,2,3-Trichlorobenzene
1,2,3,4,5-Pentabromo-6-chlorocyclohexane
1/4-Dichloro-2-nitrobenzene
4-Chloro-2-nitrophenol
2,4,5-Trichloronitrobenzene
2-Chloro-4-phenylphenol
4-Chloro-ortolo*y acetic acid
4-(2-Methyl-4-chlorophenoxy) butyric acid
o-Dichlorobenzene
o-Bromophenol
o-Chlorophenol
4-Chlororesorcinol

1,2,4,5-Tetrachlorobenzene
5-Chloro-2,4-dimethoxyaniline
2,6-Dichloro-4-nitroaniline
1,2-Dichloro-4-nitrobenzene
Dibromobenzene
p-Dichlorobenzene
1,3,5-Trichlorobenzene
Bromobenzene
Chlorobenzene
1,2,4,5-Tetrachloro-3-nitrobenzene
1,2,4-Trichlorobenzene
o-Chlorofluorobenzene
3-Chloro-4-fluoronitrobenzene
Chlorohydroquinone
1,3,5-Tribromobenzene
2,6-Dibromo-4-nitroaniline
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Table 8-20. Results of Analytical Testing for Dioxins and Furans in the
Chemicals Tested To-Date Under Section 4 of the Dioxin/Furan Test Rule

CAS
Number

79-94-7

1 18-75-2

118-79-6

120-83-2

1163-19-5

25327-89-3

32536-52-0

378-53-59-1

32534-81-9

4162-45-2

Chemical Name

Tetrabromobisphenol-A

2,3,5,6-Tetrachloro-2,5-
cyclohexadiene-

• 1,4-dione (chloranil)

2,4,6-Tribromophenol

2,4-Dichlorophenol

Decabromodiphenyl oxide

Allyl ether of
tetrabromobisphenol-A

Octabromodiphenyl oxide

1 ,2-Bis(tribromo-phenoxy)-
ethane

Pentabromodiphenyl oxide

Tetrabromobisphenol-A-
bisethoxylate

'* No. of
Chemical

Companies
That Submitted

Data

3

4

1

1

3

1

3

1 "

2

1

No. of
Positive
Studies

0

4

0

o> l

3

0

3

1

2

0

Congeners Detected
(detection range: fig/kg)

NO3

See Table 8-21

NDa

NDa

2,3,7,8-PeBDD (ND-0.1)
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-0.5)
1,2, 3,7,8. 9-HxBDD (ND-0.76)
1,2,3,7,8-PeBDF (ND-0.7)
1,2,3,4,7,8/1,2,3,6,7,8-HxBDF (ND-0.8)
1, 2,3,4,6,7, 8-HpBDF (17-186)

NDa

2,3,7,8-TBDD (ND-0.71)
1, 2,3,7,8-PeBDD (ND-0.1)
2,3,7,8-TBDF (ND-12.6)
1,2,3,7,8-PeBDF (ND-6.3)
2,3,4,7,8-PeBDF (ND-83.1)
1, 2,3,4,7,8/1, 2,3,6,7,8-HxBDF (ND-67.8)
1,2,3,7,8,9-HxBDF (ND-56.0)
1,2, 3.4,6, 7,8-HpBDF (ND-330)

2,3,7,8-TBDF (ND-0.04)
1;2,3,4,7,8/1,2,3,6,7,8-HxBDF (ND-0.03)
1,2, 3,4,6,7, 8-HpBDF (ND-0.33)

1, 2,3,7,8-PeBDD (ND-5.9)
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-6.8)
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-6.8)
1,2,3 7,8,9-HxBDD (ND-0.02)
2,3,7,8-TBDF(ND-3.1)
1,2,3,7,8-PeBDF (0.7-10.2)
2,3,4,7,8-PeBDF (0.1-2.9)
1,2, 3,4,7,8/1, 2,3,6,7,8-HxBDF (15.6-61.2)
1, 2, 3,4,6.7,8-HpBDF (0.7-3.0)

NDa

No 2,3,7,8-substituted dioxins and furans detected above the Test Rule target limits of quantitation (LOQ). (See Table 8-18.
Third study is currently undergoing EPA review.
Study is currently undergoing EPA review.

= micrograms per kilogram
Source: Holderman and Cramer (1995).

8-64 Anril 1998



DRAFT-DO NOT QUOTE OR CITE

Table 8-21. CDDs and CDFs in Chloranil and Carbazole Violet
.4

Samples Analy^j Pursuant to the EPA Dioxin/Furan Test Rule

-'̂ . V

Congener

2,3,7,8-TCDD

1,2,3,7,8-PeCDD
t

1,2, 3,4,7, 8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2, 3,4,7, 8,9-HpCDF

OCDF

TOTAL TEQ*

Concentration (/yg/kg) in Chloranil

Importer
1

nd (1)

nd (2)

nd (3)

nd (3)

nd (1)

110

240,000

nd (1)

nd (1)

nd (1)

35

nd (5)

6

nd (5)

33

nd (15)

18,000

263

Importer
2

nd (1)

nd (2)

nd (10)

75

48

8,200

180,000

nd (2)

nd (1)

nd (1)

nd (860)

nd (860)

nd (680)

nd (680)

240,000

nd (100)

200,000

2,874

Importer
3

nd (2)

nd (5)
t * '

nd (5)

nd (5)

nd (5)

390

760,000

nd (1)

nd (3)

nd (3)

nd (4)

nd (4)

nd (4)

nd (4)

36

nd (15)

50,000

814

Importer
4

nd (2)
V

nd (6)

nd (3)

6

9

2,30O

71,000

nd (2)

nd (5)

nd (5)

5,600

nd (600)

nd (600)

nd (600)

230,000

nd (400)

110,000

3,065

Concentration

Carbazole
Violet

nd (0.8)

nd (0.5)

nd (1.2)

nd (1.2)

nd (1.2)

28

1,600

nd (1.6)

nd (0.9)

nd (0.9)

nd (20)

nd (20)

nd (20)

nd (20)

15,000

nd (20)

59,000

211

Source: Remmers et al. (1992).

nd = nondetected; minimum limit of detection shown in parenthesis,
/^g/kg = micrograms per kilogram.

* = Calculated assuming not detected values are zero.
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2,3.7,8-TCDD

1,2,3.7,8-PcCDD

1.2,3,4.7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1 ,2,3,4,6,7,8-HpCDD

1,2,3,4,6.7,8,9-OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7.8-PeCDF

1,2,3,4,7,8-HxCDF

t 1,2,3,6,7.8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3.4.6.7.8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

Rat io (congener concentration / total CDD/CDF concentration)
O.I O.2 0.3 O.4 O.S O.6 0.7

TCDD

HpCDF

OCDF

Ratio (congener group concentration / total CDD/CDF concentration)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Sou/cc: BtMd 00 d*u rvporud in Ttbl* 1-7. noad0t«cu

Figure 8-4. Congener and Congener Group Profiles for Technical PCP
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Table 8-22. Status of First Pesticide Data-Call-in: Pesticides Suspected of Having the Potential to
Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation

CD

en

>
o

co
co
CXI

Shauchnessey
Code

0000 1 4

00 S 7 06

009105

01:001

0 1 2 1 0 1 '

019:01

oi->:o:

014401

025501

027401

028201

028601

02920 1

029601

029902

029906

030602

0.11.101

0.1150.1

01 1 .S 1 6

011561

014502

015502

' 015505

Pesticide (Active Ingredient]

^ichlorodiflvsoromeihane

O-(4-Bromo-2,5-dichlorophenvn O.O-ilimelhyl phospliorothioaie

Oiimnhvhinine 2.3.5-Iriiodoben'/o:ite

Nel'Miron

t ' ruiomaU* '" •

MITH, 4 - V u n v i i c acid | - t - ( : -Mei l iv l -4 -ch lo ropheno .xy)bu tync a c i d )

MO'H. N:\ sail ( S o d i u m -1 -( 2 - n i c l l i v l -4 -clilornphenox \0li\ilvr.iti-)

4-CliloropliiMunvni-i-lic ncid

Cliloroxuriin

niclilohenil " ; •

P ropnni l |3 ' ,4 ' - l ) icl i loropropion^nil ide)

DichlolVnl l i ion |O-(2.4-nicl i lnrnpl i i :nvl) O.O-dicthyl phosphoro!liio;iic)]

DDT [Dichloro i l i p h o n v l i r i c h l o r o o l h n n o ) . - 1 •

I l i ch lonc | 2 .1-dicMnro- 1 , > l - n : i p h l l i i x ] i i i n o n u ] "• •

Ammonium chlonnnhen [1-amino-2.5-dichlorohcn/oic acid]

Sodium chloramhon [3-amino-2.5-dich!oroben7.oic ac id]

Sodium 2-(2 ,4-d ichlorophenoxv)c lhvl sulfate

DCNA |2 ,6-Dich loro- l -n i i ro ; in i l ine] ' ."

Potassium 2-(2-mcthyl-4-chloropheno.\y)propionate

MCCP. DRA Sail I D i i M h a n o l a m i n c 2-(2-melhyI-4-chlorophL'noxy)propionalL']

MCPP, IOF. ]Isoocivl 2 - (2 - inLMl i s l -4 -ch lo rophenoxv)p rop iona lc ]

Dicaplhon [O-(2-chloro-4-i] i i rophenyh O.O-cliniLMliyl -phosphorothioaiel

Momiion 1 rich lornacol ale [ 1 - ( 4 - c h K i r o p h c n v l ) - 1 , 1 - d i m e t h y l urea t r ich loroacela le]

Diuron [1-CVI-dichlorophenv!)- 1 , 1 -d imelhvkirea]

CAS Number

75-71-8

2104-96-3

17601-49-9

555-37-3

29')-R6-5

9 4 - H 1 - 5

6062-26-6

122-88-3

19X2-47-4

1194-65-6

709-98-8

97-17-6

50-29-3

! 17^80-6

1076-46-6

1954-81-0

136-78-7

99-30-9"'

1929-86-8

1432-14-0

28473-03-2

2463-84-5

140-41-0

330-54-1

Support
Withdrawn

Yes

Ye.s

Yes-

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

'Yes

No

Yes

Yes

- No

Yes

Yes

No

Testing
Required

/ vtT
r^'y^o

Yes

Yes

No

..

Yes

..

No

No

D

o
2!
O
H

m
o
/o
o
q
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Table 8-22. Status of First Pesticide Data-Call-in: Pesticides Suspected of Having the Potential to
Become'Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued)

9°
en
CO

CD
i£>
CO

Shaughnessey
Code

035506

035901

053501

055001

055005

055201

057501

058102

05 S 301

058802

059401

0(i 1 SO 1

062201

062202

062203

062204

0(i2206

0(0207

Ob220S

062209

0 < O 2 I O

062211

0(0212

6h """M 1

Pesticide [Active Ingredient]

Linuron [3-(3,4-dicl i lorophenyl)- l-methoxy-l-methylurea]

Melohromuron [3-(p-bromophenvl)- l -methoxy-l-methylurea]

Melhyl parnthion (O.O-Dimethyl O-p-nilrophenvl phosphorothioate]

Dichlorophene (Sodium 2.2'-methvlerK1his(4-chlofophena(e)l

Dichlorophene, .sodium salt /[Sodium, 2. 2'-methylt inebis(4-chlorophenate)]

l.2.4.-5-Telriichloro-3-nilrorien/.ene

P.lhyl !\iiathion.(O.O-dieth'yTO-p-nitrophenvl phosphorolhioale)

Carbophenolhion [S-(((p-chlorophenYl)lhio)mettwD O.O-diethyl phosphorodithioale]

Runnel |O;O-clinielhyl O-(2.4.5-mchlorophenyl) phosphorothioale]

Mil in I - l - [Sotliuin 5-c l i ldro-2- (4-c l iU)ro-2- (3- (3 ,4- (J ich lor ( i f>hcnvl )urL ' ido)phcnoxv) henzenesuironatc]

Onlioiticliloroheiv/x'nc

I ' a ra i l i ch lnro t ien / fMc

Chloniphene 1 2-BL'n/ .v l -4-c l i lo inphenol |

Potassium 2-Hen7.vl-4-ehlorophenate

Sodium 2-hen7vl-4-chlorophenatt'

2-Chlorophenol

2-Cli!orn-4-plK'nvlplieiiol

Potassium 2-chloio-4-p!icnvlphenaie

4-Chloro-2-pheTivlpheno]

4-Chloro-2-phenvlplienol . potassium sail

( i-Cli loro-2-plu 'nvlphenol

6-Ciiloro-2-plic»vlph>.'nol. potassium sail

•1 - t ' l i l o i o - 2 p l i e n v l p l i e n o l . .sodium sail

( i-Cli lot 'oO-plienvlphonol, sodium sail

CAS Number

330-55-2

3060-89-7

298-00-0

97-23-4

10254-48-5

117-18-0

56-38-2

786-19-6

229-84-3

3567-25-7

95-50-1

!06-<tr,-7

T20-32-I

3547 1 -49-9

3184-65-4

95-57-8

92-04-6

I K I 2 « - t 6 - 0

not available

53404-21-0

85-97-2

18128-17-1

10605-10-4

I Q605-! 1-5

Support
Withdrawn

No

Yes

No

Yes

Yes :

Yes

No

Yes

Yes

No

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Testing
Required

No

No

> ^

J S No

s

No

No

No

In review

In review
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Table 8-22. Status of First Pesticide Data-Call-in: Pesticides Suspected of Having the Potential to
Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued)

CO

CT>
CO

ID
10
03

Shauehnessey
Code

o o 2 2 i 4

062215

Od-1202

06420S

064 20')

Od-121-l

OM 2 1 K

067707

06l> 1 05

()(. ') l - l - l

077-101

077406

07X7SO

079202

070301

0X0403

0 X 0 X 1 1

0X1 901

082602

0X4101

08490!

0X6X01

097003

Pesticide I Active Ingred ien t ]

4 and 6-Chlnro-2- i h e n v l p h e n o l . d i c t h a n o l a m i n e sa l t

2-Ch!oro-4-phenylphenol , sodium sui t

• -Ohloio-2-cvclopent v lphe t io l

Fen t i ch lo r 1 2 .2 ' -Thiohis(4-chloro-6-mcthvlphenol) |

renl ichlo i - | 2 .2 ' -Th ioh t s (4 -c l i lo r< ipneno l l ]

4-Oliloto-2-cyclopLMUvIphcnol. potassium salt of

4-C'hloro-2-cvclo|HMUvl(ihenol, sodium salt

r i i loropliacinom1

AD» AC IMkyl* d imethvl hcn/.v) ammonium chloride *(507o C I 4 , 40% C I 2 , 10% C16)]

A I 1 I I A C | Alky!* d i i n e i h v l 3 .4 -d ich lnrnhen/ .y l a m m o n i i n n ch lo r ide * ( ( i \ ' X : C I 2 . 23% C I 4 , 1 1% C16, 5%
C I X ) |

Nic losamide [ 2 -Ami tuH.M Hanoi salt of 2 ' .5-dichloro-4 ' -ni t rosnl icylani l ide]

5-C'hlorosalicv]ani!idc

2-Mclhvl -4- i so th a/olin-3-one

Teu;ulifon 14-chlorophenvl 2,4.5-trichlorophenyl sulfone]

Chlorani l | tetrachloro-p-hen7.oquinone]

6-Clilorothyiiiol

Anila/ . ine (2 , - l -P ichkno-6- (o -ch lo roan i l ino) - s - t r i a / . ine ]

Chlorothaloni l | ( e t r ach lo ro i soph tha lon i t r i l e |

.Sodium 2,3.6-Triclilorophenvlacetate

Chlor fenvinphos

O-(2-Chloro- 1 - (2 ,5 -d ich lo rophcny l )v inv l ) O,O-diethyl phosphorothioate

I ' C M X |4 C 'h lo io ' . ' vs -xvlenoi l

Piperaliti l3-(2-Methylniper idino)i i ropvl 3.4-dichlorohen7.oatel

CAS Number

53537-63-6

31366-97-9

13347-42-7

44 1 8-66-0

97-24-5

3547I-3K-6

53404-20-9

3691-35-8

68424-85-1

not ava i l ab le

1420-04-8

4638-48-6

not available

116-29-0

1 1 8-75-2 '

89-68-9

10I-Q5-3

1897-45-6

2439-00- 1

470-90-6

1757-18-2

KX-04-0

3478-94-2

Support
Withdrawn

Yes

Yes

Yes

Yes -

Yes

Yes

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No

No

Testing
Required

' r~

^ No

No

No

No

._

..

..

Yes

..

„

No

No
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Table 8-22. Status of First Pesticide Data-Call-in: Pesticides Suspected of Having the Potential to
Become Contaminated with Dioxins if Synthesized under Conditions Favoring Dioxin Formation (continued)

Shaughnessey
Code

100601

101001

101 101

104301

106001

108201

109001

1 0930 1

109302

109801

100001

110002

1 1 1401

1 1 1601

1 11 00 1

112802

1 13201

1 10001

123001

125601

I 2 S S 3 S

:ot><>w

Pesticide [Active Ingredient] .

Fenamiphos

p-Chlorophenyl diiodomethyl sulfone

Metribiizin

Bifenox [methyl 5-(2.4-dichlorophenoxyV2-nitroben7.oate]

Melha/ole [2-(3,4-dichloropheny!)-4-methvl-l,2.4-oxadia7oIidinc-3,5-dione)

Difluhen7.nron rN-(((4-chlorophenyl)amino)cnrbonyl)-2,6-difluoroben7.ainide]

Oxadia7.on [2-tert-butvl-4-(2.4-dichloro-5-isopropoxyphenyl)- delta! -1.3,4- oxadia7.oline-5-one)

Fenvalerate

Fluvalinnte [N-2-Chloro-4-trifluoromethyl)phenyl-DL-valine (+-)-cyano(3-pherioxy- phenyOmethyl ester)

Iprodione (3-(3 .5-Dichloraphenyl)-N-( l -methyle thyl) -2 ,4-dioxo-I-
imidaznliclinocarhoxaiimlc (9CA)|

Truulimel'au I l-(4-Chloraprienoxy)-3.3-dimethyl-l-(IH-l,2,4-tria7.ol-l-yl)-2-butanone]

Diclofop - methyl !methyr2-(4-(2.4-dichlorophenoxy)phenoxv)propanoale)

I'rofenolbs [0-(4-Rromo-2-chlorophenyl)-O-ethvl S-propyl phosphorothioate]

Oxyfluorfen (2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4-(trinuorotnethyl)ben7.ene]

l ina /a l i l 1 1 -(2-(2,4-nicl i loroplicnvl)-2-(2-propenvloxv)fthyl)- lH-iinidn7.ole]

Broinoihalin [N-Methyl-2.4-dinitro-n-(2,4,6-trihrn!nophenyl)-6-
(trifii!oroiiiolhvl)N.'ii7.enainine)

Vinclo/cl in |3-{3, .>-l ' ) ichl i !ropln:nvl)-5-clhenvl-5-i i ic lhvl-2.4-o\a/ul idinL'dione (9CA)]

Fenriila/on [I'otassiinn 1 -(p-cl i lnrophcnyl)- . ! ,4-clihvdrn-6-inethyl-4-oxo- pyrida/ine- 3-carhoxylate]

Tridiphane |2-(3.5-Dicliloroplicnvl)-2-(2,2.2-lrichlorix;thyl) oxiranel

Paclol i t i t ra /ul

l . inal i 'ol

1-Viiauiuol | ;v-(2-i . ' l i lonipl(ouyl) a- ( - t -chluui | i l \c i iy l ) -S-pyi t iu idi ! \L ' i i \e lhuiui l !

CAS Number

not available

20018-12-6

21087-64-9

42516-02-3

20354-26-1

35367-38-5

19666-30-9

51630-5R-!

69409-94-5

36734-19-7

43121-43-3

51338-27-3

4 M 98-08-7

42874-03-3

35554-44-0

63333-35-7
.*

5047 1 -44-8

83588-43-6

58S38-0&-2

76738-62-0

7 X - 7 0 - 6

60I6K-88-9

Support
Withdrawn

No

Yes

•18,
No

Yes "" ,

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

N'I

No

Testing
Required

No

..

No

\
'- tf

•* Yes
*s
' Yes

In review

No

No

No

Yes

In review

In review

No

No

No

In review

No

No

In r e v i e w

No |l
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Table 8-23. Status of Second Pesticide Data-Call-in: Pesticides Suspected of Being Contaminated with Dioxins

Shauiilmc'SSY
Code

o:4soi

0:4*0:

029S03

030001

0.10002

0.1000.1

0.1000-1

010005

030010

0.1001 1

03001.1

0.100 1 4

030016

0.10017

0.10019

0.10020

03002 !

030023

030024

03002- "V

010028

030024

030030

030033

01001.1

' " Pesticide [Ac t ive I n g r e d i e n t ]

l i i an i lx i |.l.(vilU:Mouvo--.\nisk -add)

Vicamha i l imol l iv lan i inc [3.6-dichloro-o-anisic ac id]

yK-Mhanolanmie dicainha |3,6-dichloro-2-anisic acid]

2,4-Oichlorophenoxvaceiic acid

1. i t h i inn 2.4-dichlomplK"i\oxvaeeiatc

Potassium 2 .4-d id i loropl ienoxvaci - ta te

Sodium 2,4-dichloropl ienoxvacetate

A m m o n i u m 2 , - l -d i c l i l o roph t :noxYac i 1 t a l e

Alka 'nol* amine 2 ,4-d ich lorophenoxvace t f l te '(salts of (he ethanol and ispropanol series)

Alkyl* nmine 2,4-dichloiophenoxyacelaie *( 100% C I 2 )

Alky l* n i i i i i i c 2 .4-dichlorophenoxyaci- tn ie * ( I O O % C I 4 )

A l k y l * n in in i - 2 .4 -d ich lo rophenoxvnce ta I f *(as in Tal ly acids of ta l l o i l )

Die thano lnmine 2.4-dichlorophenoxvncciatt;

U ic l l i v l an i ine 2.4-(iich!or(^|-ihcnoxvacciaie

Dimethylainine 2,4-dichlorophenoxyacetale

N,N-n i ino!hy lo lev la in ine 2,4-dichlorophenoxvacL'tnle

Hlhanola in ine 2,4-dichlorophenOxvacelatL'

Heplylaimne 2,4-dichk^v^^pl\cnox^'acev,\\c

Isopropanolainine 2,4-dicl i loropl ienoxvacetaie

isopropvlaniine 2.4-diehlorophenoxvacelate

Morpholine 2,4-dichloropht 'noxvacetaie

N-Oleyl- l ,3-propv)enediamine 2,4-dich!orophenoxyacetaie

(klvhimine 2,4-dichlorophenoxvaccialc

Triol l iani i l i i in im; 2 ,4-dic l i lo to i l i enoxvacL ' ta te

Tr ic lhy la i i i i nc - 2 ,4-dichloropl ienoxvaceta le :

-v

CA.S Number

I 9 I H - 0 0 - 9

2300-66-5

25059-78-3

94-75-7

376d-27-f)

14214-89-2

2702-72-9

2307-55-3

not avai lable

2212-54-6

28685-18-9

not available

5742-19-8

20940-37-8

2008-39-1

53535-36-7

3599-58-4

37102-63-9

6365-72-6

5742-17-6

6365-73-7

2212-59-1

2212-53-5

2569-01-9

2646-78-8

Support
W i t h d r a w n

No

No

Yes

• '•• No

N o - .

Yes
'i

No *

Yes *> f

Yes

Yes

Yes

Yes

No

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No .

Testing
Required

Yes

Yes

Yes

No

'•?"""' No

/
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No
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Table 8-23. Status of Second Pesticide Data-Call-in: Pesticides Suspected of Being Contaminated with Dioxins (continued)

Shaughnessv
Code

"030035"

030030

03005:

030053

• 030055

030056

03006:

030063

0300M

030065

030066

030072

030801

030SO-1

030S 1 9

030S53

030X56

030S63

031401

01 |.|]o

031-153

U 3 I 4 6 3

( M l S O I

Pesticide [Active Ingredient]
.. J, . j , , • • •• ", . . . . • • • " * - - , . ,

. -.. . r, ;. - -*. • • ,>• ; - - ' " -1 .^<:;r : . • .-- s •• '• •• •

Triisopropnnolamine 2,4-dichlorophenoxyacetate

N.N-Dinic thyl oleyl-linoleyl ainine 2.4-dichlorophenoxyacetate

Buioxv-'thoxypropyl'S^-dichlorophenoxyacetale

Ruto\-yethyl'2.<t-dich!orophi;noxyacetate

Butoxvpropyl 2.4-dichlorophenoxyace!ate

Hnlvl 2,4-dichlorophen'oxyacclate

Isohnivl :,-t-ilidiloroplK'noxyacel.nte

lsnoctvl (2-e lhvlhoxvl) :.-1-(licliloroptionoxyaceta(e

IsooctvlC-t ' lhvl-t-incthvlpciilyl) 2,4-dichlorophcnoxyacetatc

lsooctvl(2-octyl) 2.4-dichlorophenoxyacetate

Isopropvl 2.4-dichlorophenoxvacctaie

Propvlcne plvcol hu lv l ether :.4-dich!orophenoxyact:tate

4-(2,4-Dichloropht;noxy)hiityric acid

Sodium 4-(2 .4-dichl( i ropheno\y)hutyra te

Dirncihvla in inL 1 4 - (2 .4 -d ich lo rophcnoxy)hu tyra tc

Bii loxvothanol 4-(2,4-dichlorophonoxy)hii iyratc

lUilvI 4 -(2. 4 -itichlorophcnoxy \huiyrnic

Isooctvl 4-(2.4-ilii ' l iKirophonoxy)lnilyrale

2 -12, 4 -Dichloi'oplKMiox \0propionic acid

n i i i K - t h v l i i i n i i n ' J ( :,-! i l ichlorc^i lH'Hi 'x y)plopion;ili.-

Huloxv i ' lhv l 2 - ( 2 . 4 - d i i ' l i l i i i i i p l n i i u i x y l p r o p i o i i a t i ;

I s iHvlv l : - t : ,4 -d i l . - l i l i ' i 1 oplu 'n i ) \v )p i ' (> | - r io iKi le ' • .

M C ' I M 1 ; icnl | : - ( : -Mo[l tv l - - l -chloiophi . ' iHv\v} | ) ropi(>ni i : acid]

CAS Number

32341-80-3

55256-32-1

1928-57-0

1929-73-3

1928-45-6

94-80-4

1713-15-1

1928-43-4

25168-26-7

1917-97-1

9 4 - 1 1 - 1

1320-18-9

94-82-6

1043^-59-7

2758-42-1

32357-46-3

6753-24-R

1320-15-6

120-36-5

53404-32-3

53404-31-2

2863T-35-R

7085-19-0

Support
Withdrawn

No

Yes

Yes

No

Yes

Yes

Yes „

No

Yes

Yes

No

Yes

No

No

No

Yes

Yes

Yes

No

No

No

No

No

Testing
Required

No

No

'J^:-

} -

Yes

..

1 No

Yes

No

No

..

..

Yes

No

No

No

Yes

D
73

o
?.
o
o
c:
o
m
O
73

n
3
m



Table 8-23. Status of Second Pesticide Data-Call-in: Pesticides Suspected of Being Contaminated with Dioxins (continued)

Sh.iughnessy

Ci\U'

o.i 1 5i y

035.101

O.M'Hll

n44<»o:

044904

054901

(16.10(1.1

06.1005

061006

063007

06420.1

064212

064219

064220

064501

07X701

079401

0X2501

0X1701

104101

Pesticide | Act ive Ingredient!

MCI'P, DMA [Dimelhylamine 2-(2-methyl-4-chloropheno.xy)propionate!

Iliomoxynil [3,5-dioromo-4.hvdro\vhen/onitri le]

l lexachloiophene |2.2'-MeilivlciiehisO.4,6-trichlnrophenol))

llivxachloroplieiK', Na salt IMonosodium 2,2'-mctlivlenehis(3.4,6-trichloroplienate)]

lle.xachlnropheiie. K salt | Potassium 2,2'-melhylenehis(3 A6-trichlorophenate)]

ligasan | 5-Chloio-2-( 2,4-ilichKm>pheno.\v)phenol ]

Telr:ichloroplu'Mols

I"etr:icli!or(iptienols. sodium salt

Tetrachlcirdpheiidls, alkvl* amine sall*(as in fatly acids of coconut oil)

Tetrachlorophenols. potassium salt

Bilhionolate sodium [Disodium 2.2'-thiobis(4.6-dichlorophenate)]

Plienachlor [2.4,6-Trichlorophenol]

Potassium 2,4.6-trichlorophenate

2.4.6-Trichlorophenol, sodium salt

Phenothia/ine

Dacthal-DCPA | Dimethyl telrachloroterephthalatel

Endosulfan Ihexachlorohexahydromethano^^.^-hen^odioxathiepin-.l-oxide]

Sih'cx [2-(2,4.5-tric!iloroplicno.xv)pro tionic acid)

rctrachlorvinphos [2-Chl<iro- 1 -{ 2.4,5-irichlor<iphenvl)vinvl dimethyl phosphate]

1 \dnlaii ISodiiim 1 .•r.5'-trichl(ii'i'-2'-(2.-!.5.|richl(miphi.MHi.xy)
inelliaiiesull'onamlidL'l

CAS Number

32351-70-5

I6H9-X4-5

70-30-4

5736-15-2

67923-62-0

3380-34-5

25167-83-3

25567-55-9

not available

53535-27-6

6385-58-6

88-06-2

2591-21-1

3784-03-0

92-84-2

186 1 -32-1
.,"

115-29-7

93-72-1

9 6 1 - 1 1 -5

69462-14-2

Support
Withdrawn

No

"'•No

Yes "

Yes
>

Yes /

No *"

Ye.s

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Testing
Required

No

Yes

..

r- ..
/ Yes

..

..

..

..
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Yes

No

Yes
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Table 8-24. Summary of Results for CDDs and CDFs in
Technical 2,4-D and 2,4-D Ester Herbicides

Congener

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2, 3,6,7, 8-HxCDD

1,2.3,f 8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCBF

2,3,4,7,8-PeCDF

1,2, 3,4,7, 8-HxCDF

1,2,3,6,7,8-HxCDF

1,2, 3,7,8, 9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2, 3,4,7, 8,9-HpCDF

OCDF

X
EPA LOQa

(.ug'/kg)

f 0.1

0.5

2.5

2.5

2.5

100

_ _

1

5

5

25

25

25

25

1000

1000

.-

"~\
"^Total

''Number of
Technicals

8

8

8

8

8

8

..

8

8

7

8

8

8

; .8

. 8

8

: ..

Number of
Technicals

Greater Than
LOQ

2

3

0

0

o •'

0

_.

0

0

0

0

0"'

0

0

0

0

._

Observed
Maximum

Concentration
(ug/kg)

0.13

2.6

0.81

0.77

0.68

1.5

_ _

0.27

0.62

0.73

1.6

1.2

; 1.4

1.1

8.3

1.2

• •

. TOTAL0

Average
Concentration

(ag/kg)

0.06

0.78

0.31

0.39

0.24

0.21

..

0.07

0.38

0.07

0.36

0.11

0.16

0.14

2.17

0.18

_,

5.60I0.70TEQ)

Source: U.S. EPA Off ice of Pesticide Program file

a Limit of quantitation required by EPA in the Data Call-in.

Average of the mean results for multiple analyses of four technical 2,4-D and/or 2,4-D ester products for which
detectable CDD/CDF congener concentrations less than the LOQs were quantified; not detected values were
assumed to be zero.

Total equals the sum of the individual congener averages.

Aig/kg = micrograms per kilogram.

-" indicates analyses not performed.

8-74 Apri l 1998



Table 8^25 . Summary of Analytical Data Submitted to EPA in Response to Pesticide Data Call-Ins

Shaughnessey
Code

019201

019401

027401

029801

029802

030001

030063

030801

031301

031401

031501

035301

054901

078701

081901

083701

108201

109001

1 10902

Pesticide >

Common Name

MCPB, 4-butyric acid

4-CPA

Dichlobenil

Dicamba

Dicamba, dimethylamine

2,4-D

2,4-D, 2EH

2,4-DB

DCNA

2,4-DP

Mecoprop (MCPP)

Bromoxynil

Irgasan

Dacthal (DCPA)

Chlorothalonil

Tetrachlorvinphos

Diflubenzuron

Oxadiazon

Dichlofop-methyl

Chemical Name

4-(2-methyl-4-chlorophenoxy)butyric acid

4-Chlorophenoxyacetic acid

2,6-Dichlorobenzonitri le

3,6-Dichloro-o-anisic acid

3,6-Dichloro-o-anisic acid, dimethylamine salt

2,4-Dichlorophenoxy acetic acid

lsooctyl(2-ethylhexyl)2,4-dichlorophenoxyacetate

4-( 2,4-Dichlorophenoxy) butyric acid

2,6-Dichtora-4-niuoanilir\e

2-(2,4-Dichlorophenoxy)propionic acid

2-(2-methyl-4-chlorophenoxy)propionic acid

3,5-Dibromo-4-hydroxybenzonitrile "~

5-Chloro-2-(2,4-dichlorophenoxy)phenol

Dimethyl tetrachloroterephthalate

Tetrachloroisophthalonitrile

2-Chloro-1-(2,4,5-trichlorophenyl)vinyl dimethyl phosphate

N-(((4-chlorophenyl)amino)carbonyl)-2,6-difluorobenzamide

2-Tert-butyl-4(2,4-dichloro-5-isopropoxyphenyl)-de!ta2-1 ,3,4-oxadiazoline-5-one

Methyl-2-(4-(2,4-dichlorophenoxy)phenoxy) propanoate

Number of
Positive

Submissions3

To-Date

0

0

0

0

/' .*&<"
.' "^

*J2
s

1

0

Pending

0

0

0

0

Pending

Pending

0

0

Pending

0

a
o
z:
o
o
c
o
Hm
O
po
n
3tn

tO
CD Source: U.S. EPA (1995a) ; personal communication with S. Funk (EPA/OPP/HED) on March 27, 1996.

'' "Positive" is defined as the detection of any congener at a concentration greater than or exceeding the LOQs listed in Table 8-24
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Ratio (mean congener cone. / mean total 2378-CDD/CDF cone.)
O.I 0.2 0.3 0.4

2,3,7.8-TCDD

1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

1,2,3.6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

Source: Biscd on mean concentrations reported in Table S-24; nondciccu sci equal 10 zero.

Figure 8-5. Congener Profile for 2,4-D (salts and esters)



Table 8-26. CDD/CDF Concentrations in Samples of 2,4-D and Pesticide Formulations Containing 2,4-D

Congener/Congener Group

2.3,7.8-TCDD
1,2.3,7,8-PeCDD
1,2.3 ,4 .7 ,8-HxCDD
1,2.3,6,7,8-HxCDD
1.2,3,7,8,9-HxCDD
1,2,3,4,6.7,8-HpCDD
OCDD

2.3,7,8-TCDF
1,2 3,7 8-/1,2,3,4,8-PeCDF
2,3.4,7.8-PeCDF
1.2,3.4,7,8- /1,2,3,4,7,9-HxCDF
1,2,3 6 7,8-HxCDF
1,2,3.7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2 3,4 6,7 8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD (ND = 0)
Total 2,3,7,8-CDF (ND = 0)
Tot.il TEQ (ND = 0)
Total TEQ (ND = 1/2 del. limit)

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD

.Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

Acbar Super
(Gaza Ci ty" )

( / 'O/kf j )

ND (0.1)
0.1

ND (0.1)
ND (0.1)
ND (0 1)

0.1
0.1

0.3
ND (0 1)
ND (0.1)
ND 10 1)
ND (0 1)
ND (0.1)
ND (0 1)

0.1
ND (0.1)

0.2

0.3
• 0.6
0.082
0.195

Amco Super
(Gaza Ci ty ' )

0'0/kg)

ND (0.1)
ND (0.1)
ND (0.1)

0.2
ND (0.11

1.2
2.6

ND (0.1)
0.2

ND (0.1)
0.1

ND (0.1)
ND (0.1)
ND (0.1)

0.8
ND (0.1)

3.8

4
4.9

0.066
0.197

-

(Bethlehem)*
(^g/kg)

ND (0.1)
1.2

ND (0.1)
0.6
0 4
0.3
0.1

ND (0.1)
0.7
0.1
0.4
0.1

ND (0.1)
0.1
0.1

ND (0.1)
0.4

2.6
1.9

0.850
0.915

-

Chimprom
(Russia)
(/jg/kg)

ND I0.02)
0.03
0.02
0.05

ND (0 02)
0.23
0.85

ND (0.1)
1.2

0.06
0.08
0.11

ND (0.02)
0.05
0.24
0.02
0.46

1.18
2.22

0.142
0.159

--

--

Dragon
Lawn Weed

Killer
U'g/kg>

ND (0.001)
0.0014

ND (0.001)
0.0024
0.0010
0.0017
0.0063

0.0036
0.0010
0.0011
0.0013

ND (0.001)
ND (0.001)

0.0011
0.0016

ND (0.001)
0.0039

0.0128
0.0136
0.0023
0.0029

--

KGRO
(U.S.)
(pg/kg)

--

_.
..
„

-.

0.0144
0.1628 „
0.0009
0.0016

--

--

Pro Care
Premium

(U.S.)
(;;g/kg)

-

-

._

..

--

0.0143
0.4253
0.0012
0.0018

....

-

Ortho
Weed-B-Gone

(U.S.)
(^g/kg)

Jt

..
_.

-

0.0091
0.1095
0.0014
0.0029

--

--

Sigma Co.
(U.S.)

(A'Q/kg)

f--

/

_ _
..
..

-

0.127
3.0507
0.0013
0.0040

--

--

American
Brand

Chemical Co.
(U.S.)

(^g/kg)

„

0.0278
0.0822
0.0019
0.0046

--

00

to
10
00

• 2,4-D manufactured in Europe and packaged in Palestine.
-- = Not reported.

= micrograms per kilogram.

Source: Schecter et al. (1997)
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Table 8-27. Mean CDD/CDF Measurements in Effluents from Nine U.S. POTWs

Congener/Congener
Group

if

2,3,7,8-TCDD
1,2,3,7,8-PeCDD .
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7, 8-HxCDF
1,2,3,4,6,7,8-HpCDF
1, 2,3,4,7, 8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD

Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

N4^T9**~- ̂ .Detections/V^
No..,SarnpleV

*'

0/30
0/30
0/30
0/30
0/30
3/30
13/30

1/27
1/30
1/30
1/30
1/30
1/30
1/30
2/30
0/30
1/30

4/27
0/27
1/30

. 3/30,
13/30

:2/30
1/30
1/30

,2/30
1/30 -

Range of
Detection

Limits

0.31 - 8.8
0.45 - 15
0.43- 9.8
0.81 - 10
0.42- 9.7
0.75 - 18
6.2- 57

0.74 - 4.4
0.64-9 .4
0.61 - 14
0.25 - 6.8
0.23 - 6.8
0.57 - 10
0.25 - 7.9
0.36 - 6.9
0 . 1 9 - 1 1
0.86 - 28

1.2 -8.8
0.62 - 200
0.84 - 11
0.75 - 18
6.2- 57

0.39 - 6.8
0.64 - 25
0.93 - 17
0.36- 19
0.86- 28

Range of Detected
Concentrations

(POTW mean basis)

Minimu
m

Detecte
d

Cone.
(pg/L)

nd
nd
nd
nd

t n̂d
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd
nd
nd

nd
nd
nd
nd

nd
nd
nd
nd
nd
nd

nd.

Maximum
Detected

Cone.
(pg/L)

nd
nd
nd
nd
nd

5.0
99.75

1.3
2.0
2.8
2.4
1.5
2.0

nd
4.6

nd
3.2

99.75
16.6
2.32

9.7
nd

1.7
8.4

99.75
25.0

. 20.0
13.0
4.6
3.2

99.75

Overall Means*

Mean
Cone.

(ND = 0)
(P9/L)

0.00
0.00
0.00

'• o.oo
0.00
1.06

29.51

0.14
0.22
0.31
0.27
0.17
0.22
0.00
0.68
0.00
0.36

30.57
2.37
0.29

1.23
0.00
0.19
1.83

29.51
6.61
2.22
1.44
0.68
0.36

42.00

Mean
Cone.

(ND= 1/2D
U

(pg/U

0.98
1.32
1.38
1.42
1.31
3.61

37.95

0.98
1.58
1.68
1.22
0.97
1.72
0.93
1.83
1.18
3.40

47.98
15.49
3.66

2.61
6.27
1.93
4.77

37.95
7.70
4.72
3.43
2.41
3.40

71.96

nd = not detected.
* = The "overall means" are the means of the individual POTW mean concentrations.
pg/L = picograms per liter.

Source: California Regional Water Quality Control Board (1996).



Table 8-28. CDD/CDF Concentrations Measured in EPA's National Sewage Sludge Survey

Congener

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1 ,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total TEQ

Total 2,3,7,8-CDD/CDF

Percent
Detected

16
18
25
49
39
98
100

65
22
26
43
35
16
27
71
26
80

Maximum
Concentration

(ng/kg)

1 16
736
737
737
737

52,500
905,000

337
736
736

1,500
737

1,260
737

7,100
842

69,500

1,820

NR

Median Concentration (ng/kg)

Nondetects
Set to

Det. Limit

6.86
9.84
22.5
27.3
28.0
335

3,320

17.0
9.60
10.4
28.0
18.0
18.0
18.0
57.0
23.0
110

50.4

NR

Nondetects
Set to
Zero

0
0
0
0
0

335
3,320

3.90
0
0
0
0
0
0

36.0
0

80.0

11.2

NR

Mean Concentration (ng/kg)

Nondetects
Set to

Det. Limit

NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR

' NR
NR
NR

86*

NR

Nondetects
Set to
Zero

'". NR
•.NR
JxIR.ĵ '*

, -'NR?'
4^15^
NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

50«

NR

00
•̂ J
<£>

Source: U.S. EPA (1996a); for POTWs with multiple samples, the pollutant concentrations were averaged before the summary statistics presented in the
table were calculated. All concentrations are in units of ng/kg dry weight.

NR = Not reported.
* = Values presented by Rubin and White (1992) for 175 rather than 174 POTWs.
ng/kg = nanograms per kilogram.

to
CO



Table 8-29. CDD/CDF ConcentrationsijMeasured in 99 Sludges Collected from 75 U.S. POTWs During 1994

CO

CO
o

Congener

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3.6,7,8-HxCDD
1.2,3,7,8,9-HxCDD
1,2,3,4,6,7.8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,~2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2 3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF .
OCDF

Total TEQ (facility basis)2

Total 2,3,7,8-CDD/CDF

Percent
Detected

40
23
34
87
64
98
99

76
21
42
48
17
4

35
64
31
93

Maximum
Concentration

Detected
(ng/kg)...:

12.3,'.
37.5 :•
45.6
130
88.8 :

5,380,
65,500

156
60.3
155
170
200 -
115
356

1,460
213

11,200

. 246

73,520

Median Concentration (ng/kg)'

Nondetects
Set to

Det. Limit

1.95
8.23
5.25
25.6
12.3
642

6,630

7.53
7.91
9.70
11.5
14.0
7.53
9.85
91.7
1 1.7
286

49.1

7,916

Nondetects
Set to
Zero

0
0
0

24.7
9.48
642

6,630

6.28
0
0
0
0
0
0

31.8
0

281

30.0

7,881

Mean Concentration (ng/kg)

Nondetects
Set to

Det. Limit1

2.72 (2.40)
10.9 (7.80)
11.1 (8.13)
33.8 (27.6)
20.2 (17.7)
981 (977)

11,890 (12,540)

12.8 (19.6)
10.7 (11 .3)
15.7 (19.8)
20.4 (25.3)

-30.4 (53.6)
_1 1.1 (13.6)
-21.8 (40.4)

223 (271)
27.1 (34.8)
786 (1,503)

64.6 (50.6)

14.11P (14,390)

Nondetects
Set to

"' ••-. Zero1

1'Y1 (2.86)
3".'34.f7't43)

-'6.03i(10.2)
3^2(28.8)
17.0(19.8)
981 (977)

1 1,890 (12,540)

1 1.1 (20.2)
3.53 (9.36)
10.5 (21.6)
14.0 (25.9)
5.13 (21 .9 )
1.56 ( 1 1 . 7 )
13.6 (41.0)
97.5 (207)
15.0 (33.4)
775 (1,506)

47.7 (45.0)

13,880 (14,200)

Source: Green et al. (1995); Cramer et al. (1995).

1 Values in parentheses are standard deviations.
2 For POTWs with multiple samples, the sample TEQ concentrations were averaged by Green et al. (1995) to POTW averag.es before calculation of the total
TEQ mean and median values presented in the table.
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2.3.7,8-TCDD

1,2,3,7.8-PeCDD

1.2.3.4.7.8-HxCDD

1.2,3.6,7.8-HxCDD

1,2,3.7.8.9-HxCDD

1,2,3.4,6,7,8-HpCDD

1.2.3.4.6.7.8.9-OCDD

2,3,7.8-TCDF

1,2.3,7,8-PcCDF

2.3,4,7,8-PeCDF

1.2.3,4,7,8-HxCDF

1,2,3.6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2.3.4,6,7,8-HxCDF

1,2.3,4,6.7.8-HpCDF

1 ,2.3,4,7.8,9-HpCDF

1,2,3 ,4,6.7,8.9-OCDF

Ratio (mean congener cone. / total 2378-CDD/CDF cone.)
O.I 0.2 O.3 0.4 0.3 O.6 O.7 O.8 0.9

\
-\ V

2,3,7,8-TCDD

1,2,3,7,8-PcCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

J,2,3,7.8,9-HxCDD

1.2,3,4,6,7,8-HpCDD

1,2,3,4,6,7,8,9-OCDD

2.3,7,8-TCDF

1,2,3,7,8-PcCDF

2,3,4,7.8-PeCDF

1,2,3.4.7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8,9-OCDF

0.1
Ratio (mean congener cone. / total 2378-CDD/CDF cone.)

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 8-6. Congener Profiles for Sewage Sludge
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Table 8-30. Quantity of Sewage Sludge Disposed Annually by Primary, Secondary,
or Advanced Treatment POTWs and Potential Dioxin TEQ Releases

Use/Disposal Practice
f;

Land Application

Distribution and Marketing

Surface Disposal Site/Other

Sewage Sludge Landfill
g

Co-Disposal Landfills3

Sludge Incinerators and Co-
Incinerators6

Ocean Disposal

TOTAL .. .,

\Vol&me Disposed (thousands
of dry metric tons/year)

1,714

71

396

157

1,819 ' *

865

(336)d

5,357

Percent of
Total

Volume

32. Oe

1.3

7.4

2.9

33.9

16.1

(6.3)d

100.0

Potential Dioxin
Release0

(g of TEQ/yr)

85.7

3.6,

19.8

7.8

91.0

(f)

(0)d

207.9

a Landfills used for disposal of sewage sludge and solid waste residuals.
b Co-incinerators treat sewage sludge in combination with other combustible waste materials.
c Potential dioxin TEQ release for nonincinerated sludges was estimated by multiplying the sludge volume

generated (i.e.> column 2) by the average of the median dioxin TEQ concentrations in sludge reported by
Rubin and White (1992) (i.e., 50.4-ng/kg dry weight) and Green et al. (1995) and Cramer et al. (1995)
(i.e., 49.1-ng TEQ/kg).

d The Ocean Dumping Ban Act of 1988 generally prohibited the dumping of sewage sludge into the ocean
after December 31, 1991. Ocean dumping of sewage sludge ended in June 1992 (Federal Register,
1993b). The current method of disposal of the 336,000 metric tons of sewage sludge that were
disposed in the oceans in 1988 has not been determined.

e Includes 21.9 percent applied to agricultural land, 2.8 percent applied as compost, 0.6 percent applied to
forestry land, 3.1 percent applied to "public contact" land, 1.2 percent applied to reclamation sites, and
2.4 percent applied in undefined settings.

' See Section 3.6.5 for estimates of CDD/CDF releases to air from sewage sludge incinerators.

Sources: Federal Register (1990); Federal Register (1993b); Rubin and White (1992); Green et al. (1995);
Cramer et al. (1995).
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Table 8-31. CDD/CDF Concentrations in Swedish Liquid Soap, Tall Oil, and Tall Resin

Congener/Congener Group '%,_ ,k

2,3,7, 8-TCDD x\
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD ,
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

2,3,7,8-TCDF
1,2,3,4,8-/l,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8/9-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

Total 2,3,7,8-CDD
Total 2,3,7,8-CDF
Total TEQ

Total TCDD
Total PeCDD
Total HxCDD
Total HpCDD
Total OCDD
Total TCDF
Total PeCDF
Total HxCDF
Total HpCDF
Total OCDF

Total CDD/CDF

Liquid Soap
(ng/L)

ND (0.009)
0.400

ND (0.020)
0.320
0.180
1.900
1.000

0.620
0.290
0.200^
0.013

ND (0.004)
ND (0.004)
ND (0.004)
ND (0.005)
ND (0.010)

NA

3.8
1.123
0.447

0.120
15.000
3.400
3.600
1.000
1.000
1.300
0.150

ND (0.010)
NA

25.57

Tall Oil
Ing/kg)

3.6
5.3

ND (2)
ND (2)
ND (2)
ND (1)

5.3

17
4:2

^ 1.9
1.4
0.7

ND (0.7)
ND (0.5)
ND (0.8)

ND (2)
NA

14.2
25.2

9.5

31
380
3.3

ND (1)
5.3
26
41

4.9
ND (2)

NA

491.5

Tall Resin
(ng/kg)

ND (1)
3.1

ND (4)
810
500

5,900
6,000

ND (2)
ND (0.4)
ND (0.5)

24

ND (1)
ND (0.7)

10
9.0
NA

13213.1
43

200

ND (1)
25

6,800
11,000
. 6,000
ND (2)

ND (0.5)
56
19
NA

23,900

Source: Rappe et al. (1990c).

ND = Nondetected; value in parenthesis is the detection limit.
NA = Not analyzed.

= Not reported,
ng/kg = nanograms per kilogram.
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The purpose of t h i s report is to show that the lit'eeycle of polyvinyl chloride plas t ic , also
known as PVC or v i n y l , is a major source of d ioxin po l l u t i on . When PVC is
manufac tured , disposed of by inc ine ra t ion , burned accidental ly, or when products
conta in ing PVC (usually as a coating or covering on a metal product) arc recycled in
combustion-based processes, large q u a n t i t i e s of d ioxin are formed. In fact. PVC is a
major c h l o r i n e donor — and t h u s a s ign i f i can t cause of d iox in g e n e r a t i o n — in a
large percentage of ident i f ied d iox in sources. There are strong grounds for ho ld ing
PVC responsible for a substant ia l and growing proportion of global d ioxin production
and release. Fortunately, cleaner subs t i tu te s exist for almost all uses of PVC.

Dioxin is a Global Health Risk

Dioxin and d i o x i n - l i k e compounds are a family of toxic substances produced
acc identa l ly in a host of indus t r ia l processes invo lv ing chlor ine or chlorine-based
chemicals. These compounds are extremely long-lived in the env i ronment , and. because
they are fat soluble, they concentrate in the tissues of humans and other species high on
the food chain. Since the advent of the modern chemical industry, dioxins ha\e
gradua l lv accumula ted on a t ru lv global basis — from the local farm to the deep oceans,
from the Gu l f of Mexico to the North Pole. Even, person is now exposed to s ignif icant
amounts of dioxins. pr imari ly through the food supply. Even larger quan t i t i e s o fd iox in
are passed from one generation to the next via mothers' m i l k and across the placenta.

Evidence gathered in the last decade, much of it presented in the U.S.
E n v i r o n m e n t a l Protection Agency's (EPA) "Dioxin Reassessment," indicates tha t
global d i o x i n c o n t a m i n a t i o n poses a long-term threat to the h e a l t h of the general
h u m a n populat ion. Of particular concern is the ability of t iny doses o fd iox in to
interfere wi th the body's hormones which could lead to a wide variety of effects on
reproduction, chi ld development, and the i m m u n e system, as well as cancer. W i l d l i f e
populations - fish, birds, and marine mammals — have already been severely affected by
diox in p o l l u t i o n . In the human population, dioxin exposure may already have played a
role in the incidence of cancer, endometriosis. cognit ive defici ts in developing chi ldren,
and other condi t ions and diseases.

We do not know the extent to which d iox in exposure has already affected h u m a n
heal th on a global scale, but we know with cer tainty that universal exposure to
these chemicals represents a risk to pub l i c hea l th . Any increase in exposure w i l l
increase tha t risk. Because d ioxin is so persistent in the environment , continued
discharges w i l l add to the global d ioxin burden, increasing the threat to publ ic health.
We must bring dioxin creation and releases to zero as quickly as possible, with priority
g i v e n to the largest d iox in sources.

Dioxin Sources

There are two ways to characterize d iox in sources: we can focus on the fac i l i t i e s
that release d iox in in to the env i ronment , or we can iden t i fy the ma te r i a l s t ha t cause
i n d u s t r i a l and n a t u r a l processes to produce dioxin in the first place. EPA and others
have used the first method to i den t i fy the major d iox in sources in the U.S. and other
nations. All of these inventories note that incinerators and other combustion sources are
the largest sources o f d i o x i n : garbage incinerators, medical waste incinerators,
incinerators and cement k i l n s that bum indus t r i a l hazardous waste, meta ls smelters, and
other combustion processes account lor over 90 percent of dioxins and lurans enter ing
the env i ronmen t from known sources. Pu lp and paper mi l l s that use chlorine-based
bleaches and manufac ture rs of ch lo r ina ted organic chemicals are the two most important
d iox in sources not related to combust ion.

http.V/wxnv.greenpeaceusa.org/media/publications/dioxins/dcgsumtext.htm 7/26/2002
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\ \ i t h this approach, EPA has offered a p r e l im ina ry charac te r iza t ion of d i o x i n
discharge points, but the resu l t ing list of sources is long, diverse, and confus ing . The
chemical indus t ry has used th is l ist of dioxin sources to argue that a d ioxin cu r t a i lmen t
strategy would require a byzant ine set of regulat ions addressing \ i r tua l ly even' indus t r i a l
ac t i v iu and combust ion process. Main1 d ioxin sources, however, can be tied together by
the ch lo r ine -con ta in ing feedstocks they share. The superior approach, thus, emphasizes
the mater ia ls t h a t cause d iox in format ion in diverse processes, i t t u rns out that four
products — PVC plas t ic , ch lor ina ted solvents, ch lor ina ted pesticides, and ch lor ine
bleached paper -- are the major causes of d i o x i n releases from almost all of the sources
ident i f ied by the v a r i o u s inventories .

IZPA's cur rent method of i den t i fy ing d iox in sources does not point to clear strategies to
preven t d i o x i n p o l l u t i o n . Focusing on discharge points leads to an emphasis on better
management and control technologies for each d iox in discharger. These technologies are
t y p i c a l l y very expensive, cannot e l i m i n a t e al l dioxins . and thus perpetuate d iox in
c o n t a m i n a t i o n of air. water, or land. In contrast, the mater ials-based approach
focuses on those substances that , when in t roduced in to i n d u s t r i a l or other
processes, cause d i o x i n fo rmat ion . By avoid ing the p roduc t ion of these mater ials ,
we can prevent v i r t u a l l y a l l d i o x i n generat ion.

lu general, the cause of d iox in fo rmat ion is the mater ia l tha t supplies ch lor ine for
incorporat ion i n t o d i o x i n . Dioxin formation requires only three things: a source of
ch lor ine , a source of organic matter , and a reactive environment in which these materials
can combine. The l a t t e r two are ub iqui tous : synthetic chlor ine product ion is the un ique ly
preventable factor in d i o x i n generat ion. In v i r t u a l l y al l dioxin sources, the ch lo r ine donor
is a mater ia l — a plas t ic , solvent , bleach, or pesticide, for instance -- tha t has been
produced by the chemical i ndus t ry ' - *

Most studies in laboratory, pi lot scale, and full-scale incinerators confirm this view:
reduc ing the inpu t of PVC and other chlor inated organic chemicals to incinerators
reduces d iox in formation. W h i l e a few studies have found no such re la t ionship, the
weight of the evidence from these studies confirms that reducing ch lor ine input in
inc ine ra t ion wil l decrease d iox in output .

PVC and Dioxin

Dioxins are produced throughout the lifecycle of PVC plastic. PVC manufac ture begins
when chlor ine gas is produced by the energy-intensive electrolysis of brine, a process in
which d iox in is formed. Next, chlor ine is combined wi th e thv lene to produce e thylene
d i c h l o r i d e (IIDC). In th i s process, large quant i t i es of dioxin are formed. Some portion of
these d iox ins are released in air emissions and \ \astewater discharges. Samples taken
downstream from F,DC manufacturers in the U.S. and Europe indicate s ign i f ican t
con tamina t ion of sediment and the foodchain in the v i c in i ty of these plants. The largest
quant i t ies of dioxin are directed into the wastes or tars that result from EDC synthesis,
according to European studies. Greenpeace analyses at U.S. chemical f ac i l i t i e s indicates
that the wastes from th is process are among the most dioxin-contaminated wastes
known. These ch lor ine- r ich wastes are typical ly incinerated, producing and releasing
dioxins into the environment.

IZDC is then converted i n t o v iny l chlor ide monomer (VCM). which is polymerized,
formulated, and formed in to a final PVC-conta in ing product. After PVC products are
sold, they produce d i o x i n s if they encounter reactive conditions, as they do when a
b u i l d i n g or vehicle burns in an accidental fire. After the i r useful l i fe t ime . PVC products
that are incinerated or serve as coatings or coverings on metals recycled in smelters
create add i t iona l d ioxins . Incinerators and smelters in which PVC is burned are among
the most important d iox in sources yet ident i f ied. More than 1 b i l l i o n pounds of PVC
may be burned in U.S. trash and medical waste incinerators and in accidental structural
fires each year. The unknown q u a n t i t i e s of PVC burned in indus t r i a l and warehouse
fires, automobile fires, metals smelters, and wood combustion add to this total.

The l i fecycle of PVC plastic may thus be the cause of more dioxin formation than that of
any other s ingle mater ia l . Sources in which PVC is a major chlorine donor account for a
signif icant proportion of the ident i f ied dioxin emissions in the HP.-Vs inven to ry . PVC is
a s ign i f i can t , and sometimes predominant , ch lor ine donor in most of the major d ioxin
sources, i nc lud ing m u n i c i p a l waste incinerators, medical \\aste incinerators , smelters for
copper and accidenta l fires and open waste burn ing . Wastes from PVC production are
important ch lor ine donors in hazardous waste incinerators, and PVC is an important
ch lor ine donor in uood combus t ion .

http://w\v"w .'greenpeaceusa.org/media/pLiblications/clioxins/dcgsiimtext.htm 7/26/2002



Dioxin From Cradle to Grave: Publications: Media Center: Greenpeace USA Page 3 of 5

NcarK -40% of nil the chlor ine produced by the chemical industry is used in PVC. so it is
not surprising tha t PVC is a significant chlorine source in so many dioxin producing
processes. F'VC is also an u n u s u a l l y fast-growing d ioxin source. While production of
m a n y other ch lo r ina ted compounds is dec l in ing and others hold steady, U.S. and
worldwide product ion of PVC and its feedstocks is rapidly growing, both for use in
the U.S. and for export , p r imar i ly to developing nations. Final ly , a certain percentage
of longer lived PVC products (e.g.. construction materials) w i l l be reaching the end of
t h e i r useful l i \ e s in the coming years. If burned, these PVC stocks may lead to a new
in f lux of d iox in p o l l u t i o n .

Recommendations

The hea l th r i sk posed b\ d iox in calls for immedia te action. As a major cause of dioxin
p o l l u t i o n and numerous other environmental impacts. PVC must be a p r io r i ty in any
d i o x i n p reven t ion program. Greenpeace recommends the following elements of a
materials-based, dioxin prevention strategy for PVC:

1. Prevent PVC-Relateri Dioxin Pol lu t ion

EPA should announce a PVC sunset program, the i n t e n t of which is to progressively
reduce the production and use of PVC in the U.S. to zero. Priori ty should be given to
those use sectors t h a t cause the most dioxin formation dur ing their lifecycle (e.g.. those
most l i k e l y to be incinerated or involved in fires) or are most easily replaced with safer,
chlorine-free substitutes. Specific action should inc lude :

• A morator ium on permits for new production facilities/expansions for EDC.
VCM and PVC and modif icat ion of permits at exis t ing plants to require that
dioxin releases to all media, inc lud ing wastes destined for disposal, be brought
to zero w i t h i n 5 years.

• A mora tor ium on permits for new incinerators and other waste combustion
facilities, and modification of existing permits to require that dioxin emissions
to all media to be brought to zero wi th in 5 years by e l imina t ing the input of
chlorinated wastes and product.

• A phase-out of medical waste and munic ipa l solid waste incinerat ion.

• Rapid phase-outs of:
n all short-life PVC uses (packaging, toys. IV-bags. etc.):
n PVC products in areas susceptible to fire (construction materials. PVC

coated cables, appliances, and vehicles): and
n recycling of metals containing PVC residues in combustion-based

processes (i.e.. electrical cables, automobiles).

2. Acknowledge and Investigate the Role of PVC in Dioxin Formation

First. FPA must acknowledge the important role of PVC in d ioxin formation. Since at
least 1990. EPA has had informat ion that the incinerat ion and manufacture of PVC
produce dioxins. Since 1993. extensive information on these subjects has been submitted
to the agency. Ne\ertheless. EPA has failed to acknowledge or substantive!}' investigate
the cri t ical role of PVC as a chlorine donor in major dioxin sources.

EPA has made no attempt to collect or analyze samples of waste, wastewater. or air
emissions from the nation's 14 EDC/VCM faci l i t ies or the incinerators that burn wastes
from these plants. Instead, the EPA is allowing the industry trade organization, the Vinyl
Ins t i tu t e , to vo lun ta r i l y "self-characterize" the industry's dioxin emissions. The industry
w i l l collect samples from its own plants, analyze their d ioxin content, interpret the data,
and submi t it to EPA. Al though there is a "peer review" committee to examine the
methodology and results of the v iny l industry's self-characterization, the industry w i l l
u l t i m a t e l y choose where, when, and how samples w i l l be taken and analyzed, and which
data are sui table for submission. By the t ime the agency's reassessment is finalized, the
industry is expected to h a v e only submitted data to F.PA on dioxin contamination of
wasteuater and resins - the two media w i t h the lowest and most d i f f i cu l t to detect
concentrat ions of d ioxins - but no data on d ioxins in wastes, tars, sludges: or incinerator
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emissions, ashes, or sludges, which, direct ly or indirect ly , are responsible for the vast
major i ty of d i o x i n emissions.

3. Focus Dioxin Policy on Materials

1TA should reorient its d iox in research and policy towards po l lu t ion prevention. This
requires a f u n d a m e n t a l shi f t away from the agency's current reliance on p o l l u t i o n control
t e c h n i q u e s for managing d iox in sources. The agency should establish a goal of zero
d i o x i n discharges to all cm i ronmen ta l media and focus on reducing the product ion and
use of mater ia l s that cause d i o x i n generat ion dur ing their l i fecycle . Research on dioxin
sources should also he reoriented to emphasize the i d e n t i f i c a t i o n of d iox in -p roduc ing
mate r ia l s .

4. Address E n v i r o n m e n t a l Just ice Concerns Associated wi th the PVC Lifecyclc

P o l l u t i o n associated w i t h the l ifecycle of PVC has a disproportionate effect on low-
income and minor i ty communities. Incinerators where municipal , medical, and
hazardous wastes rich in PVC and its by-products are burned tend to be located more
predominantly in African-American. Latino, and Native American communities. A
s i m i l a r pat tern holds t rue for the manufac ture of PVC. as we l l . There are 14 L'.S.
f a c i l i t i e s , mostly located in the G u l f Coast of Louis iana and Texas, tha t produce ethylene
d i ch lo r ide and/or v i n y l chlor ide monomer feedstocks for PVC. The mean percentage of
"non-white" residents in these communi t i e s is 57 percent h igher than the nat ional
average, a p r e l i m i n a r y analysis ofcensus data indicates.

Po l lu t ion caused by PVC production and disposal is thus an environmenta l just ice issue.
EPA should apply its environmental just ice policy to investigate and i n i t i a t e action to
prevent dio\in formation during the lifecycle of PVC plastic. President Clinton's
Execu t ive Order 12898 on Env i ronmen ta l Justice requires that the agenc\ improve
"research re la t ing to the hea l th and env i ronmen t of minor i ty populations" and reduce
p o l l u t i o n in these communi t ies .

5. Ensure a Just Transition

Any plan to protect hea l th and the environment from dioxin sources - inc luding a PVC
sunset program — must prevent or compensate for the economic and social dislocation
that results. A tax on the production of EDC/VCM would help to drive the t ransi t ion
away from PVC and finance the costs associated wi th it. The revenues from such a tax
could be used for transitional measures to ensure that a PVC phase-out is just, equitable,
and orderly. In part icular , a t r ans i t ion fund could be used to assist workers and
communi t ies affected by the t rans i t ion , provide for educat ional opportunities, income
protection, and health insurance for those affected by a PVC phase-out, and finance
research and development i n t o safer PVC alternat ives.

Notes
" Al though very smal l quan t i t i e s of dioxin can be produced when natural chlor ide salts
are burned in some high-temperature processes, the vast majority of dioxin is associated
wi th burn ing or processing the products and wastes of indus t r i a l ch lor ine chemistry.
Thus, e l i m i n a t i n g the feed of PVC and other organical ly-bound chlor ine compounds to
incinerators wi l l substantial reduce d iox in formation.

This report 'C Greenpeace 1997
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Dioxin From Cradle to Grave - Introduction

Wrilten by Joe Thornton

April 1997

The purpose of th i s report is to show tha t the l i fecycle of poly v iny l chlor ide plastic, also
known as PVC or v in \ I. is a major source of d iox in po l lu t ion . When PVC is
manufactured, disposed of by inc ine ra t ion , burned accidentally, or when products
c o n t a i n i n g PVC (usua l ly as a coating or covering on a metal product) are recycled in
combustion-based processes, large quan t i t i e s of d ioxin are formed. In fact. PVC is a
major ch lo r ine donor - and thus a s igni f icant cause of d ioxin generat ion -- in a
large percentage of i d e n t i f i e d d i o x i n sources. These are strong grounds for ho ld ing
PVC responsible for a subs tant ia l and grow ing proportion of global dioxin product ion
and release. For tunate lv . c leaner subst i tu tes exist for almost all uses of PVC.

TABLE 1: The Many Uses of PVC
Food Wrap Coatings Automotive seats Credit Cards
Flooring Upholstery- Medical instruments Bottles
Siding Garden Hose Doors Apparel
Pipe Snower Curtains Window Frames Toys
Wall covering Wire/Cable insulation Molding Appliance housing

Source: Society of the Plastics industry (SPI). 1995

This report represents the c u l m i n a t i o n of several years of research on the part of
Greenpeace scientists and policy analysts. Greenpeace w i l l cont inue to conduct l i terature
reviews and primary research to demonstrate and better characterize the l inks between
PVC and other chlorinated compounds and dioxin pol lut ion. It is our hope that this
research w i l l convince government agencies and non-governmental organizations
throughout the world of the need to address the materials that lead to d iox in pollution.
the only method that w i l l lead to true po l lu t ion prevention for dioxin. The report is
divided into the fo l lowing sections: (I) the heal th threats posed by dioxin: (2) strategies
for d ioxin prevention: (3) the PVC-dioxin po l lu t ion l inks, w ith analysis of the role of
PVC in d ioxin formation from different sources: (4) strategies fora PVC phase-out: and
(5) recommendations.

Ahead to Dioxin Poses a Global Hea l th Threat

This report •& Greenpeace 1997
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Dioxin From Cradle to Grave - Chapter 3 - PVC's Role in Dioxin Formation

Press Alert

Written by joe Thornton

April 1997

The PVC Lifecycle

The l i feeycle of PYC represents a large - and possibly the largest - single material
source of d ioxins . The PVC I i recycle has three stages. In all of them, d iox ins are known
to be produced.

• Manufac tu re . The first step in PVC's lilecycle is the production of elemental
chlor ine gas by the energy - intensive electrolysis of salt. Dio.xin is produced in
this process. This chlorine is then reacted with ethylene to produce ethylene
dichloride (EDC). a process in which very large quant i t i es of dioxin are
produced. EDC is then converted in another chemical reaction to vinyl chloride
monomer (VCM). which is then polymerized to form pure PVC plastic. Pure
PVC is then mixed with various additives and used to produce PVC-containing
products. Dioxins may be formed in some of these processes, as well. The
wastes from the manufacture of PVC and its feedstocks are incinerated in most
cases, producing yet more dioxins.

• I'se. PVC is used in a wide range of consumer, construction, and medical
products. In some uses. PVC may encounter reactive condit ions, as when a
bu i ld ing wi th PVC cables burns in an accidental fire. When PVC burns, dioxins
are produced.

• Disposal. After the i r use. PVC-containing products may be dumped in landfil ls .
burned in incinerators or furnaces, or. in some cases, recycled. When land
disposed. PVC products have an essentially in f in i te l i fe t ime. When burned in
incinerators or l a n d f i l l fires. PVC produces dioxins. When PVC serves as a
coating or covering on metals that are recycled in smelters, dioxins are formed.

Indeed, PVC is an important , and sometimes the predominant , chlorine donor in
sources responsible for the vast majori ty of all identified dioxin releases in the
EPA's Dioxin Reassessment and in Cohen and Commoner's analysis of d iox in
emissions in the Great Lakes [EPA. I994b. Cohen and Commoner, 1995]. PVC
provides a subs tant ia l proportion of the organically-bound chlorine in incinerators for
trash and medical waste. PVC is also a s ignif icant chlorine source in some secondary
metals smelters. In accidental fires, wood combustion, and open burning. PVC also
contributes substant ial ly to dioxin emissions. Compared to other chlorinated materials.
PVC production is on the rise, and thus its contribution to the global dioxin burden is
l ike ly to increase substantially.

PVC in Incinerators

Incinerators are responsible for the majority of identified dioxin releases, both in the
U.S. and globally. What are the materials that result in dioxin formation in these
combust ion sources? As the Swedish EPA points out. "In combustion processes in
which both chlorine and a carbon source are present, PCDD Fs can be formed [SEPA.
1996]." S imi la r ly . U.S. EPA's dioxin reassessment notes. "Dioxin-like compounds can
be generated and re/eased to the environment from various combustion processes when
chlorine donor compounds are present [EPA. I994b]." One recent survey of emissions
data from a wide range of combustion faci l i ty types indicates a "clear dependence" of
dioxin and furan emissions on chlorine content of the waste feed [Thomas and Spiro,
I995). The mater ia l that donates the ch lor ine is thus the appropr ia te focus for
p r e v e n t i o n efforts, be it PVC, chlorinated solvents, etc.

Al though many materials can serve as chlorine-donors in combustion-based processes,
one - PVC plast ic — plays an important role in most of the major d ioxin sources. This is
not surpr is ing, because PVC is the most abundant product of ch lor ine chemistry,
consuming over 30 percent of all the ch lo r ine produced in the U.S. each year. In
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Denmark alone, tor instance, some 13.500 tons of 'PVC is incinerated each year [DTI.
19951. The q u a n t i t y that ends up in U.S. incinerators is uncertain, but total PVC
product ion is immense: over 5 m i l l i o n tons per year in the U.S.. and 20 m i l l i o n tons per
v e a r worldwide [SRI . 1993]. It has been unambiguously shown in the laboratory that
bu rn ing PVC resul ts in the generation of d iox in [Thiessen. 1991. Christmann. 1991].
Given the large quan t i t i e s of PVC produced and sold in the U.S. and the fact that the
burning of PVC results in the generation of dioxins. it is clear that incineration of PVC
w i l l l i k e h resul t in large d i o x i n emissions.

M u n i c i p a l \ \as te Inc ine ra to r s

In all in\ entories. m u n i c i p a l waste incinerators are the number one or two source of
d iox in emissions to the envi ronment . In the U.S.. there are 21 1 trash incinerators wi th
combined capacity of 48 m i l l i o n tons of waste each year. EPA's median es t imate for
d iox in emissions from these fac i l i t i es is 4800 grams per year (TEQ). M u n i c i p a l waste
inc ine ra to r s also produce an estimated 7 m i l l i o n metric tons of ash annua l ly , which is
disposed in l a n d f i l l s . The more e f f ec t ive the incinerator 's emissions control device, the
more severely contaminated its ash. Ash from trash incinera tors carries about 1800
grams per v e a r of d iox in ( fEQ) into the land, based on an average concentra t ion of 258
ppt TEQ [Versar. 1996],

PVC is common in packaging and consumer products. The major chlor inated plastic.
PVC cont r ibutes a large percentage of the organical ly-bound chlor ine found in
m u n i c i p a l waste. PVC accounts for an estimated 0.5 to 0.8 percent of munic ipa l waste.
Despite t h i s low percent by weight. PVC can con t r ibu t e at least 80 percent of
organical ly-bound chlor ine and as much as 67 percent of the total chlorine
(organoehlorines plus inorganic chloride) in the waste stream [Danish EPA. 1993].
Other studies h a v e made s imi l a r findings, wi th PVC comprising 50 percent or more of
total ch lor ine in the waste stream [Kanters and Louw. 1993. Ecocycle. 1994. DTI. 1995.
Brahms. 1989]. An estimated 200.000 to 300.000 tons of PVC is incinerated each year in
U.S. trash incinerators, based on nat ional incinerator capacity of 48 m i l l i o n tons per year
[Versar. 1996]. 80 percent capacity u t i l i z a t i on , and PVC content ranging from 0.5 to 0.8
percent.

In the Netherlands, where an effective garbage separation system removes most of the
organic chlorides in compostable materials , such as food and wood wastes. PVC remains
one of the only major source of chlor ine and. subsequently, one of the only major d ioxin
precursors. Dutch incinerator studies indicate that reducing PVC feed causes s igni f icant
decreases in d i o x i n emissions [Kanters and Louw. 1993]. Based on these f indings, the
Dutch E n v i r o n m e n t Min i s t ry concluded:

"These ne\\ ' experiments by the University of Leiden demonstrate clearlv
a relation between the content o fP IC in household \\aste and dioxin
formation in waste incinerators. On the basis of these experiments there
is no reason to reconsider present policies regarding PI C applications:
the main lecture of this policy is that for PI 'C applications for which no
feasible system of recycling and reuse can be established, the use of
more environmentally sound alternative materials is to be preferred
[Netherlands Envi ronment Minis t ry . 1994]."

More recent Dutch research [Kanters. et. al.. 1996] confirms these findings. In a
laboratory exper iment , chlorophenol emissions (an indicator for dioxins) were lowest
when the major i ty of ch lo r ine -con ta in ing substances were removed from the wastes.
When 20% of the original quant i ty of compostables was included, emission doubled
from t h i s baseline: when 30% of the or iginal quan t i ty of PVC was included, emissions
doubled again [Kanters. et. al.. 1996].

Medica l \\aste Incinera tors

In U.S. d iox in inventor ies , medical waste incinerators (MWls ) are the largest or second
largest d i o x i n source. There arc about 2400 medical waste incinerators in the U.S..
w h i c h burn about 848.000 tons of waste per year [Versar. 1996]. EPA's or iginal
i n v e n t o r } est imated annua l d iox in emissions in the range of 1600 to 16.000 grams of
d iox in (TEQ) i n t o the air each year, wi th a median est imate of 5100 grams, making
MWls the largest dioxin source in the inventory [EPA. I994b]. Although other analyses
h a v e confirmed tha t M W l s are major d i o x i n sources, the American Hospital Association
has argued t h a t the ac tual total is much lower [AHA. 1995]. EPA is expected to lower its
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q u a n t i t a t i v e es t imate , hut there i s l i t t l e doubt that medical waste incinerators " i l l remain
a s ign i f i can t d iox in source.

The majori ty of the a v a i l a b l e ch lor ine in waste from hospitals and other heal th care
i n s t i t u t i o n s comes from PVC plastic, which enters these f ac i l i t i e s as packaging and in
main disposable medical products [Green and Wagner. 1993. Coppinger. 1996]. PVC is
the most commonly used polymer in the medical device arena. An estimated 700 m i l l i o n
pounds per year of PVC arc used in medical devices in the Uni ted States, with an annua l
g r o w t h rale of 6.4%. [Chemical Week. 1995]. PVC is used in packaging, cloves,
infusion bags, tub ing , trays, and numerous other medical applications. Since an
es t imated 80 percent of U.S. medical waste is inc inera ted [AWMA. 1994]. as much as
280.000 tons of PVC may be burned in medical incinerators each year.

W h i l e m u n i c i p a l trash contains about 0.5 percent PVC. an estimated 9.4 to 15 percent of
all i n f ec t i ous waste is PVC [Marrack. 1988. Hasselriis. 1993]. and as much as 18 percent
of non- infec t ious hosp i ta l wastes are PVC [Hasselrris. 1993]. According to one report
for the c i ty of New York. PVC gloves and IV-bags alone account for over 90 percent of
the organic chlor ine and over 80 percent of the total chlorine content of medical waste
[Green. 1993]. All PVC products t aken together could l ikely c o n t r i b u t e as m u c h as
90 percent or more of the o rgan ica l ly -bound c h l o r i n e and 80 percen t of the total
c h l o r i n e fed to m e d i c a l waste inc ine ra to r s . The large q u a n t i t i e s of PVC in the medical
waste stream is one reason why medical waste incinerators are such a s ign i f ican t d iox in
source. The authors concluded that the subs t i t u t i on of PVC plast ic is an effect ive way of
reducing the env i ronmen ta l impacts of such incinerators [Green. 1993].

Haza rdous Waste Inc inera tors and Cement Ki lns B u r n i n g Hazardous Waste

Commercial inc inera tors and k i l n s accept complex mixtures of chemical wastes from a
\\ ide variety of sources, whi le many chemical companies operate on-site incinerators,
furnaces, and boilers for disposal of t h e i r own wastes. EPA estimates that hazardous
waste incinerators and k i l n s release 120 to 1200 grams of d iox in (TEQ) per year, with a
median estimate of 409 grams per year [EPA. I994bj. These estimates are based upon
careful ly controlled tr ial burns, so ac tua l emissions d u r i n g rout ine operation or upsets
may be s ign i f i can t ly higher [Costner and Thornton. 1991) . As of 1994. there were 298
permit ted incinerators, boilers and furnaces burn ing 2.3 m i l l i o n tons of hazardous waste
per year: 34 cement k i l n s burned an add i t i ona l one m i l l i o n tons of hazardous waste each
year ( i n c l u d i n g medical waste con ta in ing PVC). In addi t ion to dioxin in air emissions,
incinera tors produce h igh ly contaminated ash w h i c h is disposed on land. If po l lu t ion
control de\ ices are 99 percent effective, ash from these fac i l i t i e s w i l l carry about 100
t imes more d i o x i n i n t o the env i ronment t han a i r emissions w i l l . Waste-burning cement
k i l n s produce large quan t i t i e s of contaminated dust - an estimated 3 m i l l i o n tons per
year w i t h d ioxin concentrat ions averaging 42.2 ppt TEQ [EPA. 1993]. Based on these
estimates, k i l n dusts would carry 118 grams of dioxin (TEQ) in to each year. EPA has
found that dusts are released to the environment during storage, transport, and disposal,
u h i c h often takes place by dumping in to quarries or pi les [KPA. 1993].

Because hazardous waste destined for incinerators is predominant ly organic chemical
waste, the organically-bound chlorine content is much higher than in munic ipa l waste,
often reaching 10 percent of total waste feed. The major chlorine donors in incinerated
hazardous wastes belong to two categories: wastes from the manufacture of
organochlorine chemicals and spent chlorinated solvents [Oppelt. 1986. Dempsey.
1993). Wastes from the manufac ture of PVC feedstocks are l ikely a s igni f icant
contr ibutor to the first category: EDC/VCM manufacture is the largest use of chlor ine in
the chemical indust ry ' — accounting for more than ha l f of all chlorine used w i t h i n the
organic chemicals sector [SRI. 1993]: m i l l i o n s of tons of chlor ine-r ich wastes are
generated by these processes that arc incinerated in on-site or commercial f ac i l i t i e s .
G i \ e n the large amount of PVC product ion wastes incinerated each year, it would appear
that the PVC lifecycle is an important indirect chlor ine donor and d iox in precursor in
hazardous waste incinerators, as well .

- Metals Recycling

In man\ cases, products containing PVC (usua l ly as a coating or covering on a metal
product ) are recycled in combustion-based processes. The result is the format ion of
s ign i f i can t amounts of d iox in . Indeed, PVC is an i m p o r t a n t c h l o r i n e d o n o r in the
secondary processing facil i t ies t ha t are considered major d i o x i n sources. The
recycling of PVC i t se l f has not been thoroughly analyzed for the creation of dioxins. and
is t h u s not discussed here.
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Secondary copper smellers are ma jo r d ioxin sources, releasing 74-740 grams of dioxin
per year (TEQ). according to EPA. These fac i l i t ies produce d iox ins in large part because
they process for recyc l ing large quan t i t i e s of PVC-coatcd copper cables, as well as PVC
telephone cases and other PVC-laden products at high temperatures [Chr i s tmann.
I989a|. A Swedish s tuds ' described the creation of PCDD/Fs from the recycl ing of PVC
coaled wire in a copper smelter [ M a r k l u n d . el. al . . 1986]. In its inves t iga t ion of a
secondary copper smeller. EPA fed a secondary copper smelter a mixture of electronic
telephone scrap and other p las t ic scrap ( l i k e l y PVC coated), as wel l as metal scrap,
residues, and slag [EPA. !994a]. The estimated TEQ emission factor for t h i s f ac i l i t y is
779ng/kg of scrap metal smelted [Versar. 1996|. The presence of large amounts of PVC
along w i t h copper - a catalyst tha t increases the rate of d iox in formation -- makes these
major d i o x i n sources. According to one German s t u d s :

Considerable amounts of dioxins andfurans have been found in the fine
gets as well as in soil front the near vicinity of copper reclamation
plains. In these facilities, scrap copper containing varying quantities of
PI 'C-coated cables is precleaned bv combustion or pyrolysis and then
recvcled in a copper smelter. In the ambient air near a copper smelter.
11V could juid in imission measurements surprisingly high
concentrations of dioxins andjurans [Chr i s tmann . et. al. . I989a. b].

Removal of a part of the cable sheathings ( typ ica l ly PVC) before reclamation in a copper
smelter resulted in reduct ions in PCDD/P values of I 7%. 48% and 35% (in three
different smelters) [Chr is tmann. I989b]. Other researchers [see Fiedler and Hutzinger.
1990] inves t iga t ing t h i s same plant found that there is l i t t l e information on PCDD/F
formation in copper recycling. However, after reduction of plast ic inputs in this p lant
(presumed to be PVC. though not specified as such), the researchers noted that stack gas
concentrat ions of PCDD/Fs fe l l from 200 to 70 ng TEQ/Nm3.

Secondary steel smelters are important d ioxin sources in some inventories [Cohen and
Commoner. 1995. Thomas and Spiro. 1995]. al though EPA did not make a quan t i t a t ive
est imate. EPA did note, however. "The secondary smelters which recover metal from
waste products such as scrap automobiles have the potential for dioxin formation due to
the plastic (and associated chlorine) in the feed material. Other countries such as
Germany have identified this industry as potentially important [Schaum. 1993]."

These f a c i l i t i e s mas produce d iox in in part because of the presence of PVC residues in
steel scrap, par t icular ly from automobiles, in which PVC mas be used for upholsters,
in t e r io r moldings, underseal. and other parts (EPA. I994a identif ies PVC as one of the
chlorinated materials enter ing these processes). Chlorinated cu t t ing oils provide
s ign i f ican t amounts of ch lor ine for d ioxin formation. An analysis [Aittola. 1993] of a
melal reclamation fac i l i ty in F in land svi th seven different processes for copper,
a l u m i n u m , and various steels, found that a large part of the emissions of chlorinated
aromatic compounds in these processes are formed due to PVC plastic and cables and
car components. EPA estimates that between 500 and 850 pounds of auto "fluff (plastic
and other non-metal mater ia ls removed from cars destined for reclamation) is generated
per car. For 1990 models about 20 pounds is PVC [Carroll, et. al.]. Whi le much of the
fluff can be removed bs magnetic separation and l and f i l l ed or stockpiled, separation
techniques are l i k e l y not 100 percent effective: at least some PVC is l i k e l y to reach the
smel t ing operation. According to one experimental studs of a Swedish steel recycler:

This pilot study clearlv shows thai PCDDs and PCDFs are formed
during scrap metal melting processes. Combustion of PI'C has been
reported as one source of PCDDs and PCDFs in different combustion
and pyrolytic processes. In this study. PI'C is also found to give the
highest emissions [Tysklind. 1989],

Secondary lead smelters also release d iox in . According to a recent report for EPA.
"Historically, the source ofCDD'CDFs at secondary lead smelters is the PI'C separator
used in lead acid batteries. In 1990, about I percent of scrap batteries processed at lead
smellers contained PI'C separators....Less than (). I percent of scrap batteries contained
I'l'(' separators in 199-1 and this trend is continued because no US manufacture of lead-
acid automotive batteries currently uses PI 'C in production [Versar. 1996]." This
change can be viewed as a model for d iox in p reven t ion : d i o x i n releases were
v i r t u a l l y e l i m i n a t e d by phas ing-out PVC from the produc ts t h a t u l t i m a t e l y end up
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in combustion facilities.

Sonic in\ entor ics suggest tha t primary steel smelters may be major dioxin sources, as
u e l l |Lahl . 1993. LaTil 1994. Brzuzy'and Hites. 1996a]. In these faci l i t ies , dioxin may
he produced due to a feu chlor ine donors: the use of chlorinated solvents and cu t t ing
oils in the production process, paints, and the re int roduct ion of dusts and slag containing
chlor ina ted ma te r i a l s from recycling of scrap. PVC present as part of the scrap charges
lo sleel m i l l s ma\ c o n t r i b u t e to the emissions of chlororganics reported by Oberg and
A l l h a i u m a r . i n c l u d i n g dio.xins (see Johnston. 1993 on Oberg and Al lhammar . 1989].
Recycled scrap steel can play an important role in some types of primary steel
product ion . One government study of e lectr ical arc steel manufacture found the potential
for the creation of toxic organic mic ropo l lu t an t s because of feedstocks tha t contain
organic m a t e r i a l s such as oi ls , emissions, greases, and plastics: chlor inated compounds
in these mater ia ls may g i \ c rise to PCDD/F format ion [ A i r Board. 1995].

Other Combustion Sources

Dioxin formation in the burning of natural wood is negligible. In contrast, industrial and
res ident ia l \\ood burning can become an important dioxin source when wood with
chemica l a d d i t i v e s or residues is burned. EPA ident i f ies the indus t r i a l and mun ic ipa l
bu rn ing of wood as a large d ioxin source [EPA. I994a]. Since much of the wood
inc inera ted is construct ion debris, and markets for PVC siding, window frames,
wal lpaper , and flooring are increasing rapidly, t h i s source is l ike ly to increase in the
fu ture . The major ch lo r ine donors in th i s sector appear to be scrap wood w i t h PVC
residues, chip board wi th chlor ide-containing hardeners, and treated wood preserved
w i t h pentachlorophenol [Wi lken . 1994. Vikelsoe. 1993. Kolencla, et. al.. 1994]. The
German Federal E n v i r o n m e n t a l A u t h o r i t y has urged that no ch lor ine-conta in ing fuels be
burned in any furnace, from pr ivate fireplaces to i ndus t r i a l p lan ts [Wilken. 1994].

A c c i d e n t a l Fires

PVC is now u b i q u i t o u s in modern b u i l d i n g s in flooring, siding, pipes, furni ture ,
wallpaper, and other materials. Construction appl icat ions account for more than 60
percent of PVC use [SRI. 1993]. An average house contains 14 to 367 kilograms of
PVC. depending on size and date of construct ion/remodeling [Carroll. 1995]. Industr ia l
and i n s t i t u t i o n a l bu i ld ings contain even greater quant i t i es . In Denmark alone, it is
estimated that 1.2 m i l l i o n tons of PVC are used in exis t ing bui ld ings , which could burn
in the case of accidental fires [DTI. 1995]. Combustion conditions associated \ \ i t h an
accidental fire — low oxygen and rapidly cooling temperatures away from the fire —
result in poor combustion condi t ions and high rates of d ioxin formation [SEPA. 1996].
The Danish Technical I n s t i t u t e (1995) summarized:

"Rigid PI C does not burn by itself and will not star! a fire. If other
materials support afire, PI C will burn under the formation of carbon
oxides and hydrochloric acid fumes.... Burning P \ 'C also yields large
amounts oj soot-containing smoke. The soot will contain several
different substances. I he presence of chlorine in the material gives the
potential for contribution lo the formation of polychlorinoted dioxins
and dibenzofurans during the fire. Ifjormed, it seems that these
substances have the highest tendencv to be present in the soot. The
amount will depend on the fire conditions such as oxygen available,
temperature, catalyst available such as copper, and the amount of
chlorinated material, eg PI'C. involved in the fire.... Laboratoiy tests
with different types of PI'C product report forma/ion ofPCDDTin the
level oj microgram per kilo."

Samples of soot taken from tires in PVC-conta in ing bui ld ings have been found to
contain dio.xins in concentra t ions as high as 10.000 nanograms (ng) (TEQ)/per square
meter (m2) on surfaces and 45 parts per b i l l i o n (ppb) TEQ in ash and soot [Fiedler.
1993. DBA. 1992]. Fires in homes, schools and office bu i ld ings can produce dioxin
concentrations in the 200 ng (TEQ)/sm2 range [DTI. 1995]. Dioxins found in soot.
however, represent on ly a smal l part of the problem: more than 90 of the dio.xins
produced in a s t ruc tu ra l fire are found in the gaseous phase and escape in to the
atmosphere [Versar. 1996J. PVC fires may t h u s make a subs tan t i a l but yet
unqua l i f i ed c o n t r i b u t i o n to d i o x i n c o n t a m i n a t i o n of the env i ronmen t .

According to one indus t ry spokesman, as much as three-quarters of all PVC

http://www.greenpeaceusa.org/media/publications/dioxins/dcg03te.xt.htm 7/26/2002



Dioxin From Cradle to Grave: Publicat ions: Media Center: Greenpeace USA Page 6 of 12

manufac tu red goes in to the b u i l d i n g and construction market tor uses such as piping,
siding, w i n d o w frames, wallpaper, cabling, flooring, and other uses [Reiseh. 1994], As a
result, any fire in a modern bu i ld ing is likely to be a source of d i o x i n . The contents of
many bu i ld ings , i nc lud ing furn i ture , appliances, computer housings, toys, and other
consumer products present in a typical home, are also potent ial sources of d iox in .
Despite the PVC's potential contr ibut ion to the U.S. dioxin burden from accidental fires.
EPA, in its draf t d i o x i n reassessment, has failed to adequate ly account for the
c o n t r i b u t i o n of a c c i d e n t a l fires to the nation's d iox in burden and in p a r t i c u l a r the
c o n t r i b u t i o n o f P V C a s a ch lo r ine donor .

In the l ;.S. alone, there are 62 1.000 s t ruc tura l fires per year [Versar. 1996]. As noted in a
recent report for the re\ ision of U.S. EPAs dioxin reassessment. "Pl'C building
materials ami furnishings, textiles and paints containing chloroparaffins. and other
chlorinated organic compound-containing materials appear w be the primary sources of
the chlorine [Versar. 1996]." Based on the number of fires in Versar. 1996 and the Vinyl
I n s t i t u t e ' s es t imate of the amount of PVC in a typical house. Greenpeace est imates that
9.000 to 240.000 tons of PVC may burn in house fires each year.

Large, and p o t e n t i a l l y u n k n o w n , q u a n t i t i e s of PVC may burn when acc iden ta l tires
occur at p las t ics manufac tu r ing , storage, or recycling sites. For instance, af ter a single
tire at a p las t ics warehouse in Binghamton. New York, d ioxin levels in soil on the site
were found to be o\er 100 times greater than other samples from the same communi ty .
Dioxin l e v e l s in the soot were as h igh as 23 ng/m2 TEQ. approximately the same as the
state's m a x i m u m level for reentry into d ioxin-contaminated bu i ld ings [Scheeter. 1996].
A 1992 tire at Microplast . a PVC recycl ing company in Lengrich. Germany, resulted in
dioxin contaminat ion of residues in the faci l i ty and an 88-fold increase in dioxin
concentrat ions in cabbages grown on farms downwind from the fac i l i ty [UBA. 1992]. A
recent study [Meharg. 1996] of three fires i n v o l v i n g large q u a n t i t i e s (approximate ly
1000 tonnes) of plast ics (PVC and polyethylene) estimated that 50-100 tonnes of
aromatic compounds (both chlorinated and non-chlor inated) were produced from each of
the three tires invest igated.

Subs tan t ia l d ioxin releases from the accidental burn ing of stockpiled waste containing
PVC have also been documented. For example, several tires invo lv ing automobi le fluff
stockpiled at automobile reclamation fac i l i t i es have occurred. In one fire, between
39.000 and 48.000 pounds of the f luff were burned. Laboratory studies by EPA indicate
tha t bu rn ing one ki logram of f l u f f generates air emissions of approximately 0.0072g of
PCDD/PCDFs. The Agency estimates that approximately 2 b i l l i o n pounds of automobile
f l u f f are generated annua l l y , most of it u l t i m a t e l y disposed of in l a n d f i l l s . If all of th i s
H u f f were burned in open fires, more than 3 I kg of these PCDD/PCDFs w o u l d be
released in to the air per year [Costner. et. al.. 1995 c i t ing Ryan and Lutes. 1993], This
q u a n t i t y of fluff is so large that it would contribute s igni f icant ly to the na t iona l dioxin
burden, even if burned in controlled combustors.

L a n d f i l l fires represent a largely unqualif ied source of dioxins. PVC may comprise
between 50 and 75 percent of the total chlorine in l andf i l l s [Johnston. 1993]. Other
chlorine sources may inc lude organic household wastes, pesticides, and solvents. A large
percentage of the PVC used in construction applicat ions w i l l reach the end of its useful
l i f e in the coming years, and overall use of PVC is increasing. Wi th a s ign i f ican t portion
of th i s PVC destined for l a n d f i l l s , l a n d f i l l fires may become an important source of
dioxin emissions.

Accidenta l burn ing of PVC in automobiles (e.g.. dash boards, underseal. uphols tery)
could represent another important , yet unqualified, dioxin source. According to a report
for the U.S. FPA. "Accidental fires in vehicles are uncontrolled combustion processes
that typically result in relative high emissions of incomplete combustion products,
including CDD'CDFs. because of poor combustion conditions. Pl'C vehicle components
and other chlorinated organic compound-containing materials appear to be the primary
sources of the chlorine. In 1993, approximately 421,000 [vehicle] fires were reported in
the L'S | Versar. 1996]." Dioxins and furans have been ident i f ied in residues from the
experimental bu rn ing of automobiles (0.044 - 0.052 mg TEQ/car). a subway car (2.6 mg
I LQ). and a r a i lway coach (10 .3 mg TEQ) [Versar. 1996]. G i v e n the number of
automobi le fires per y e a r and the amount of d ioxin generation per vehicle burn t , \ eh ic le
fires could thus represent an important, and s t i l l unknown source of d i o x i n emissions.

Due to the large amoun t s of d i o x i n that can be produced in accidental tires, the German
E n v i r o n m e n t M i n i s t r y has called for the use of substi tutes for PVC in all areas
suscept ible to fires:
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"TIC products in the hiiiltling industry should be substituted for in
those divas oj use in which considerable dangers to the environment
and health occur, and extensive clean-up measures become necessary,
as a result oj the possible formation ofclio.\in and hydrogen chloride in
jires IGennan E n v i r o n m e n t a l Ministers. 1992]."

The German EPA and M i n i s t i y of Heal th have made a s i m i l a r order:

"I he use oj plastics containing chlorine and bromine should be
completely excluded, as far as is possible. UBA and BGA propose a ban
on the use oj plastics containing chlorine and bromine in apparatus
susceptible to fire, in the manufacture oj chip-board, as well as the
labeling oj plastics containing chlorine and if necessary a ban on the
use of PI T in packaging \ UBA. 19921."

Open Burning of Wastes

In d i o x i n i n v e n t o r i e s for i n d u s t r i a l i z e d nat ions, open burning is not considered an
impor tan t d iox in source. In some nations, especially developing nations, the greater
prevalence of t h i s prac t ice and the poor combust ion condi t ions encountered may make
open burn ing of ch lor ine-conta in ing wastes an important d iox in source. Open bu rn ing of
trash or cons t ruc t ion waste tha t contains PVC may result in s igni f icant but unqual if ied
diox in emissions.

Manufacture of PVC Feedstocks

In a d d i t i o n to the s igni f icant dioxin formation associated wi th PVC dur ing disposal and
accidental combustion, d i o x i n is also generated dur ing the manufac ture of the product
and its feedstocks. Since at least 1983. the chemical industry has known that d ioxin is
formed dur ing the manufac ture of the PVC feedstocks v iny l chloride (VCM) and 1.2-
dichloroethane (EDO [Beekwilder. 1989. cited in Andersen and Knapp. 1993]. Despite
the industry's prior knowledge, it was not u n t i l 1989 that a series of sampling programs
in Europe brought the problem to the a t tent ion on of the scientif ic community,
governments, and the public at large. While only a portion of the dioxin generated
d u r i n g PVC production is released in to the environment (some of the dioxins are
recycled in in te rna l processes or destroyed dur ing incinerat ion). PVC production
represents a po ten t i a l ly large d ioxin source.

Diox in in Wastes

Dioxin formation is par t i cu la r ly s ign i f i can t in the oxychlor ina t ion process, in w h i c h
ethylene is combined wi th hydrochloric acid and oxygen in the presence of a copper
catalyst to produce EDC. Dioxins produced in th i s process follow one of three paths: the
majority remains wi th the EDC product, and smaller amounts are distributed to the
waslewater and offgases from the process [DTI. 1995]. Dioxins contained in the latter
two fractions enter po l lu t ion control devices and are then released to the environment via
air emissions, \ \as tewater discharges, ash residues, and treatment sludges. The EDC
product f ract ion is then pur i f i ed , and much of the dioxin is parti t ioned into the "heavy
ends." wastes that are non or semi-volatile. These wastes are pr imari ly disposed of by
inc ine ra t i on — a process that produces and releases dioxins and furans from the
inc inera t ion of the many other chlor inated organic compounds in the wastes [Costner. et.
a!.. 1995]. Some of these wastes, however, may be shipped offsite for treatment or
disposal.

The q u a n t i t i e s of d iox in formed in wastes appear to be very large." Laboratory
s imula t ions at the U n i v e r s i t y of Amsterdam demonstrated dioxin formation dur ing
oxychlor ina t ion at a rate e q u i v a l e n t to 419 grams of dioxin (TEQ) per 100.000 tons of
EDC produced (4.2ng g EDC) [Evers. 1989]. A 1994 analysis at a fu l ly modernized
EDC/VCM plan t in Germany found dioxins in process sludges at concentrations as high
as 414 ppb [Lower Saxony. 1994]. re fu t ing the claim that only outdated EDC/VCM
technologies produce dioxin. An analysis made by IC1 Chemicals and Polymers at its
v i n y l ch lor ide monomer production p lan t in Runcorn. UK. found that more than 27g
TEQ of d iox ins are produced in solid and l i q u i d wastes each year (per 200.000 tons)
[IC'I. 1994. reproduced in Environment Agency. 1997]. If dioxins created during the
integrated production of perehlorethylcne and t r ichlorethylene (produced using by-
products of the VCM produc t ion ) are inc luded, t h i s number increases to more than 500g
TEQ per v ear. much of w h i c h is cur ren t ly deposited in off-site salt caverns.""
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A d m i t t i n g the i n e v i t a b i l i t y of producing d i o x i n s in VClM produc t ion , ICI notes
that. "// is difficult to sec how any of these /process/ conditions could be modified so
as to prevent PCDD'PCDF formation without seriously impairing the reaction for
which the process is designed [ICI. 1994]."

>ln the U.S.. dioxins. I'urans and PCBs have been identif ied in oxychlor ina t ion wastes
from the V u l c a n Chemical plan! in Louisiana at concentrat ions as high as 6000 ppb
TI-.Q. [Costner. et. ;il.. 1995]. These levels suggest that oxychlor inat ion wastes are
among the most d i o x i n - c o n t a m i n a t e d wastes ever ident i f ied , w i th concentrations in the
same range as wastes from the product ion of Agent Orange, an notorious herbic ide used
for de fo l i a t ion dur ing the V ie tnam VA'ar.

Production wastes from EDC synthesis also conta in PCBs. In 1990. Dow Chemical
found tha t "heavy end" wastes from EDC d i s t i l l a t i o n at i ts Louis iana fac i l i ty contained
PCBs at concentrat ions up to 302 parts per m i l l i o n — well o\er the legal l i m i t [Dow.
1990]. In fact. EPA had proposed to regulate PCB formation from EDC synthesis as
early as 1988. but wi thdrew its proposal under pressure from the V i n y l Ins t i tu t e and
numerous EDC-producing corporations [Costner. 1995).

The tact tha t d ioxins are formed and par t i t ioned into wastes does not mean tha t they w i l l
be released in to the env i ronmen t . Some dioxins are retained in cycl ing streams in the
.processes: some ma\ be destroyed in inc ine ra t ion . But at least some portion of the
d iox ins created \ \ i l l be released to the env i ronment through incomplete combustion or
accidenta l releases: indeed in its sampl ing of wastes at the Vulcan Chemical plant and
other EDC/VCM fac i l i t i es . Greenpeace investigators found \\astes in barrels and other
readiK accessible storage containers [Costner. et. al. 1995]. In addition, the chlorine-
rich wastes created in the EDC/VCM production process contain many other
organochlorines. which, when incinerated, can create and release dioxins into the
env i ronment as products of incomplete combustion. The quanti ty of d iox in generated as
products of incomplete combustion may. in fact, be far greater than that in the original
waste that escapes combustion [Costner. et. al.. 1995].

In add i t ion to incinerator air emissions, dioxin-contaminated fly ash and scrubber water
from on and off-site incinerat ion fac i l i t i es must be treated and disposed of. Fly ash and
scrubber water may account for up to 88 percent of d ioxins created by the incinerator
process [Huang and Beuknes. 1995]. Ashes and waste water t reatment sludges are
t y p i c a l l y land-disposed, w h i l e effluents are u l t i m a t e l y discharged to waterways. When
landf i l l ed . the d ioxins in these wastes can threaten groundwater .

Wastes from EDC manufac tu r e is of special concern in developing countries, where
inc ine ra t i on technologies are p r i m i t i v e and inadequate l a n d f i l l i n g could occur. In the
end. the wastes associated w i t h the production of PVC should be considered dioxin-
contaminated wastes that pose special threats to air. water , and land.

Releases to Air and \Vater

Dioxins. furans. PCBs. hexachlorobenzene. and other d iox in - l ike compounds have been
iden t i f i ed in the air emissions and effluent discharges (and wastewater treatment
sludges) from several EDC/VCM plan t s [ICi. 1994. SFT. 1993. Johnston. 1994], These
wastewater d ioxin concentrat ions are of part icular interest in re la t ionship to dioxin in
sediments. For example, in one study, up to 80 percent of the dioxin in sediment samples
from the R h i n e R ive r (Nether lands) were attributed to an upstream EDC/VCM facil i ty
[Evers. et. al.. 1988. Evers. 1989]. In an update to thei r study [Evers and Olie. 1996].'
these same researchers l inked decreased d iox in levels in sediments to the ha l t ing of
production of the pesticide 2.4.5-T. an example of a materials policy applied to dioxin:
howe\ er. they found that "the congener patterns ofPCDD and PCDF in Rhine

- sediments revealed that the production oj vinyl chloride monomer is still an important
source of especially OCDf- and other higher chlorinated congeners. "

Another research effort iden t i f i ed dioxin concentrations ranging from 433 to 922 ppt
TEQ in sediments from a harbor on w h i c h an EDC/VCM faci l i ty is sited [Evers. et. al..
1989b. Wenning. et. al. . 1992]. Studies in the Netherlands. Sweden, and German) have
all found elevated l e v e l s of d iox ins in sediments, water, and biota downstream from
EDC/VCV1 discharge points [Evers. 1988. Evers. 1993. Cato. 1992. Costner. et. al..
1995. Lower Saxonv. 1994. Verhoog. 1988. as cited in Andersen and Knapp. 1994].***
In certain areas of the North Sea and Bal t ic . EDC/VCM synthesis appears to be a
pr imarv source of en\ i r o n m e n t a l d iox in contamina t ion . |E\ers. 1989. Evers. 1988]. High
concentrat ions of d i o x i n s h a v e been ident i f ied in she l l f i sh and sediments in the Venice
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kigoon in the v i c i n i h of l -n ic l ien i ' s VCM/LDC/PVC production f a c i l i t y [Fabbri. 1996].
Greenpeace found to ta l d i o x i n concentrations of more than 2.900 parts per t r i l l i o n
(15 .4ppt TEQ) in sediments taken s l i gh t l y do\\'iistream from the discharge point of the
Geon Corporation in 1 aPorte. Texas [Costlier, et. al.. 1995]. This concentrat ion is
approximate ly four t imes higher than the average concentration reported for North
American sediments in EPAs draf t d i o x i n reassessment.

A N a t i o n a l Oceanic and Atmospheric A d m i n i s t r a t i o n (NOAA) report found h i g h levels
of hexachloroben/.ene. I'CB's. hexachlorohutadiene -a l l con taminan t s tha t tend to be
formed as byproducts along \\ ith d iox in — in the sediments and water of es tuar ia l bayous
sur rounding the PPG and Condea Vista PVC f a c i l i t i e s in the Lake Charles. Louis iana
area. Fish in these waters are also h igh ly con tamina ted [NOAA. 1996]. These two firms,
along \ \ i t h Conoco. Inc . appeared to make major con t r ibu t ions to the area's
con tamina t ion burden.

Dioxins in PVC Products

Dioxins have also been found in the PVC product itself, in May 1994. the Swedish
Ln\ i ronmenta l Protect ion Agency found that PVC plast ic conta ins measurable quant i t ies
of d iox ins and fu rans (SF.PA. 1994). Pure PVC suspension from two Swedish PVC
producers was found to con ta in a f u l l range of congeners of dioxins. furans. and PCBs.
Total concent ra t ions , i n c l u d i n g PCBs. ranged from 0.86 to 8.69 ppt (TEQ). In 1995. the
UK. Min i s t ry of A g r i c u l t u r e . Fisheries, and Food (MAFF) noted the presence of low
l e v e l s of PCDDs and PCDFs in PVC art icles manufactured for use e i the r as food
packaging or food processing equipment [Wagenaar. et al. 1996]. In 1992. BF Goodrich
(now Geon) submit ted in format ion to U.S. EPA ind ica t ing that dioxins had been found
in concentrat ions up to 170 parts per t r i l l i o n ( total PCDD/F) in resin and pipes made
from "post-chlorinated PVC" (CPVC). an engineering thermoplastic that Goodrich
manufactured and sold at the t ime and has since discont inued [Mat t ia . 1992. M R I .
1991]. Dioxins were also found in the workplace air in the extrusion of th is product
[Matlia. 1992J. Since then, the plastics industry in Europe and the U.S. V i n y l I n s t i t u t e
have undertaken studies to q u a n t i f y dioxin levels in PVC resins and products
[Wagenaar. et. al.. 1996. Carroll, et. al.. 1996]. Both studies ident if ied trace levels of
dioxin contaminat ion ( m a i n l y OCDFs) in some samples. The industry suggests that these
levels are ins ign i f i can t and that the results of the Swedish and Bri t i sh government
studies are due to con tamina t ion . But the evidence clearly warrants a comprehensive.
i n d e p e n d e n t inves t iga t ion to characterize the presence of dioxins in PVC resins and
products.

Estimates of Total Dioxin Formation

Given the pauci ty of p lan t - spec i f ic data, it is not possible to es t imate wi th confidence the
total quan t i t i e s of d iox in produced by production processes for PVC feedstocks. As a
pre l iminary estimate, we can extrapolate from the analysis of Id's Runcorn P lan t , which
found d i o x i n product ion of 27 g TEQ per 200.000 metric tonnes of EDC produced
[Envi ronment Agency. 1997], Based on annual U.S. production of 11 m i l l i o n metr ic
tonnes of EDC [VI. 1996]. U.S. EDC/VCM plants would create an est imated 1485g
TEQ d iox in per year, assuming s i m i l a r rates of d ioxin generation. At least some portion
of t h i s d i o x i n would be released to air. water, and land.

The v iny l industry has argued tha t European data can not be applied to U.S. plants. The
industry has not suppl ied data on d iox in contaminat ion of wastes from its fac i l i t i e s in
th is country, however, to fill the gap. In the meantime, there is no reason to suppose that
dioxin formation w i l l be subs tant ia l ly different from s imi lar faci l i t ies in Europe. Indeed,
the U.S. V i n y l I n s t i t u t e has confirmed the presence of low concentrations of d ioxin in
waste water samples from four U.S. plants that manufacture EDC/VCM [Vinyl Ins t i tu te ,
1996). As previously noted, samples from U.S. EDC/VCM plants obtained by
Greenpeace and ana lyzed at an independent laboratory contained extremely high levels
of d ioxin [Costner. et. al.. 1995]. More recent samples of " l ight end" wastes from
Border's, fac i l i ty in Louis iana contained 310 ppt TEQ. whi le samples ofon-s i te
remediation wastes at the PPG fac i l i ty in Lake Charles. Louisiana -- from an old area for
the dumping of tars -- conta ined dioxins and furans at the extremely high level of 76.239
ppt [San t i l l o . 1996]. As a resu l t , there can be no doubt that subs tant ia l quan t i t i e s of
d iox ins can be produced in PVC production in Europe and in the U.S.

Diox ins in Chlor ine Product ion

L \ e n at the \cry root of the PVC l i feocle . d iox ins can be produced. More than 30
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percent o f t h e chlorine produced in the world is directed into PVC [SRI. 1993]. so that
PVC again is associated wi th more dioxins produced in the chlor-a lkal i process than any
other product. In th is process, chlorine gas is produced by passing a powerful electric
current th rough a solut ion of salt water. Carbon-containing materials are present in these
reactions as trace contaminants , as plastics in plant equipment , or as components of
electrodes. During and after the chlor-alkal i reaction, chlorine combines with organic
mater ia l to produce d iox ins and other contaminants . Very high concentrations of dioxins
(up to 650 pph total) , along w i t h hexachlorobenzene, octachlorostyrene. and
hexachloroeihane. h a \ e been also found in the sludges from spent graphite electrodes
used in t h i s process [Rappe. 1991]. These results were found in plants using graphite
electrodes.

A l t h o u g h al l ch lor ine p lan t s in North America and many in Europe have replaced
graphi te electrodes in recent years w ith t i t a n i u m substitutes, questions arise as to dioxin
formation even at the most modern chlor-alkali plants. Researchers [Strandell. et. al..
1994 as reported in Y'ersar. 1996] have reported that metal electrode sludge from a
f a c i l i t y in Sweden contained high l eve l s of PCDFs that might have been formed by the
chlorination of polycyclie aromatic hydrocarbons present in the rubber linings ofthe
elect ro lyt ic cel l . This research raises quest ions as to the extent to which modern chlor ine
product ion processes create dioxins.

Unanswered Questions

An accurate q u a n t i f i c a t i o n o f t h e total con t r ibu t ion o f t h e PVC lifecyde to the global
d i o x i n burden is not possible at t h i s t ime due a lack of important information. Data gaps
i n c l u d e site-specific emissions to all media and waste streams from EDC/VCiVl/PVC
plan t s : d iox in releases associated w i t h accidents, near-misses, pressure releases and
other production upsets at EDC/VCM/PVC production fac i l i t ies (which max occur w i t h
regular i ty) : amounts of PVC on metals destined for recycl ing: amounts of PVC involved
in accidental tires ( s t ruc tu ra l and transportation): and amounts of PVC otherwise burned
in l a n d f i l l s and other combustion processes.

Despite these uncer ta in t ies , there is no doubt tha t PVC is the cause of major dioxin
releases from medical waste and m u n i c i p a l waste inc inera t ion , and appears to be
an impor t an t chlor ine donor in accidental fires and a n u m b e r of metals recycling
processes. Dioxin generation in many other aspects of the PVC lifecycle appears to be
signif icant , but remains to be quant i f ied. For example, assessment o f the total dioxin
generat ion from PVC manufacture complicated by the use of different production

. technologies and the co-production of chlorinated solvents [Stringer, et. al.. 1996].
Important questions remain unanswered concerning the fu l l extent of d ioxin generation
caused by the PVC lifecycle. Gathering the required objective informat ion is a task that
should be pursued aggressively by independent parties, not delegated to the industry
itself.

Case Study 2: The PVC Industry's Voluntary Dioxin Study: Science or Public
Relations

A 1994 "Crisis Management Plan for the Dioxin Reassessment" prepared for the V i n y l
I n s t i t u t e ( V I ) by a pub l i c relations firm precisely forecasts the actions the indus t ry
should take — and has taken — since the release of EPA's d ioxin reassessment. The
document instructs the indus t ry how to portray scientif ic and technical information "to
avoid deselection of PI C by major customers and lo prevent punitive regulation of PI C
bv EPA. Congress, or the stale legislatures [Burnett. 1994]."

According to the document, the Vinyl Ins t i tu te initiated the strategy just before EPA
released its dioxin reassessment, because "EPA will likely conclude that the incineration
oj chlorinated compounds is the single largest known contributor of dioxin.... ll'e believe
that Pl'C >i-/// be specifically mentioned, and potentially slated for further regulation."
The strategy advises industry representatives on how to respond in the media, and it
suggests that the indust ry enter into jo int scientific activit ies w ith EPA in order to avoid
future regulation.

According to the strategy:

"The short-term objective ofthe plan is to mitigate the effects of
potential negative press coverage by positioning the vinyl industry as a
proactive and cooperative entity, vorking in tandem with LPA to
characterize and minimize sources oj'dioxin.... The vinvl industry: milS[
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'actively niiil aggressively communicate with the media its commitment
ici \\-orking with F.PA to characterize and minimize any dioxin in the
I'I'C lijec\'c/c while at llic some lime asserting that based on reliable
data available 10 dale, the industry believes its contribution is minimal.
Cooperative /'ositioning is the key element: solely asserting that PI 'C is
a minor contributor to the problem ir/7/ onlv serve to misposition the
inditsirv as uncaring and unresponsive in the minds to target
audiences.... I he most e/jective message I 7 can deliver to respond to
(ii'ccnpeace a/ i t l leverage its own position in the dioxin debate is the
following: The vinyl industry supports EPA's objective of identifying
and reducing dioxin emissions and is working with EPA to determine
ihe hesr ineanf oj achieving that goal [Burnet t . 1994]."

Soon afk'r the s t rategv was wr i t t en . EPA and the V i n y l I n s t i t u t e announced a plan by
whieh the indust ry would cooperate w i th EPA's Dioxin Reassessment by "self-
character iz ing" dioxin emissions from PVC product ion. This industry program is now
the on lv source of new data on d iox in /PVC l i n k s tha t enters the d iox in reassessment
process. The i n d u s t r v collects samples from its own plants, analyzes the i r d iox in content,
in te rpre t s the data, and submi ts it to EPA. W h i l e the process and results are overseen by
a "peer rex iew" panel , the indus t ry u l t i m a t e l y can choose where, when, and how samples
\\ il l he t aken and a n a l v zed. and which data are su i table for submission. Because
i n f o r m a t i o n about the samples — i n c l u d i n g the f a c i l i t y from which they were taken — is
c o n f i d e n t i a l , there is no way for the review committee. EPA or the publ ic to know
vv he ther sampl ing t imes or locations accurate!} represent typical or worst-case dioxin
releases or ha \e been specifically selected to provide favorable data. Nor is it possible to
others ise evaluate, confirm, or act on the informat ion.

The VI self-characterizat ion w i l l not look at releases of dioxins throughout the entire
PVC l i fecv cle but w i l l consider only d i o x i n releases during PVC production. The
program o n l v tests certain potent ia l d ioxin discharge routes wi thou t e v a l u a t i n g the total
generat ion of d ioxins at these fac i l i t ies [Vinyl I n s t i t u t e 1996]. The sampl ing program
w i l l not examine main mater ia ls that are po ten t ia l ly important sources of dioxin transfer
and release, i nc lud ing rec i rcu la t ing mater ia ls in the manufactur ing process, products
transferred to other fac i l i t i es in the EDC/VCM/PVC manufacturing chain, and wastes
transferred to regulated hazardous waste treatment, storage and disposal facilities. Of
par t i cu la r concern is the fa i lure to evaluate h ighly-contaminated production wastes: the
indus t ry omits these wastes from its program because they do not leave the "system
boundary" of the fac i l i t y , a l though the i r incinerat ion, land disposal or accidental release
w i l l l i k e l v r e su l t in t h e i r escape across t h i s imaginary boundary. Finally, the program
w i l l not address the s ign i f i can t d iox in emissions associated wi th the disposal of PVC
products.

Thus far. the industry has chosen to submi t informat ion only on those aspects of the
PVC production that are known to contain smal l amounts of d ioxin (wastewater and
resins) [Carrol l . 1996]. By the t ime EPA finishes its reassessment, no data are expected
to h a v e been submi t ted on those aspects of production that could cause major dioxin
emissions. Data on wastewater treatment sludges and on incinerator stack gases are not
expected u n t i l mid-1997."""" No data from Phase 2 of the industry 's characterization
program, i n c l u d i n g v i n y l chloride monomer, spent catalyst, and chlorinated so lven t co-
products w i l l a v a i l a b l e for some t i m e to come. Meanwhi l e , the industry cont inues to
grow rapidly , b u i l d i n g new production fac i l i t i e s and expanding sales, exports, and
production capacity.

•The Vl's test ing program to date has demonstrated numerous l imi ta t ions . First, the peer
rev i ew committee was not brought into the program u n t i l it was already in progress, with
most of the Phase I sampl ing complete. The committee thus had no meaningful
opportunity to eva lua te the design of the sampl ing program or to audi t its performance.
S t i l l , the committee has noted several l imi ta t ions in the study inc lud ing the voluntary
par t ic ipa t ion of VI member companies, possible undocumented differences in field
sampl ing protocols by part icipat ing companies, the relat ively low number of wastewater
t rea tment sv stems sampled, lack of documentat ion on f u g i t i v e releases of EDC prior to
puri f icat ion, and the fact that the study has been designed to characterize normal process
operations and not upsets or accidents, which occur w i t h regulari ty [Vinyl I n s t i t u t e ,
I996|. A d d i t i o n a l l y , there is no at tempt in the sampling program to conduct single-plant,
m u l t i - m e d i a studies ( t o t a l d iox in emissions from a s ingle p lan t ) .

It is reasonable for anv i n d u s t r y w i t h potent ia l impacts on publ.ic hea l th and the
e n v i r o n m e n t to be subject to independent e v a l u a t i o n , not "self-characterization." The
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\ i n \ l industry in particular has demonstrated a need tor oversight. As early as 1949. the
industry knew that worker exposure to vinyl chloride monomer, a known human
carcinogen, could cause liver damage in humans. Even with information from additional
studies in the 1950s and 1960s, the industry tailed to take action to protect worker and
public health from VCM exposure. Only when studies revealed an association with rare
liver cancer deaths in the early I97Q.S did the industry admit the hazards of vinyl
chloride. The U.S. Second Circuit Court noted. "Indeed, the record shows what can only
he described as n course oj continued procrastination on the par! of the indnstiy to
protect the lives of its employees." When the Occupational Safety and Health
Administration (OSHA) proposed a lower occupational health standard for VCM
exposure, the industry took OSHA to court, arguing that the new limit would devastate
the industry. But when the court upheld OSHA's exposure limit, the industry was able to
implement new technologies and reduce exposure levels within 1 year while expanding
its operations [Ashford and Caldart. 1991].

Notes
* Researchers have noted that dioxins contained in EDC wastes are generally dominated
by the octa-chlorinated dibenzofurans (OCDFs). These octa-chlorinated dioxins and
furans receive relatively low weighting in TEQ schemes [Johnston and Troendle. 1993J.
Thus, the mass balance of total dioxins in EDC wastes (and emissions from these plants)
is much larger.

x" The integrated process appears to be used by some facilities in the United States. This
integrated process could lead to the generation of wastes with even higher dioxin levels.

**" In some of these studies other production facilities may have existed in the area or
production of other chlorinated chemicals may have occurred at the same facilities.

**** while these results may be submitted to EPA before the dioxin reassessment is
released, they are not likely to be incorporated into the final document.

Ahead to Phasina Out PVC

This report £ Greenpeace 1997
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ABSTRACT

The requirements commonly accepted JLS requis i te for PCDD/F formation in thermal processes of coil

and coke (presence of carbon, chlorine, metal catalysts, and adequa te temperature) were also found to exist

in several places wi th in the gas manufacturing process. The coal and coke used in gas manufacturing typically

con ta ined up to about 95% carbon and 0.1% chlorine, which, at the operat ing temperatures seen in most

older, carburetted water gas uni ts , were sufficient for chlorination reactions to occur. Reactor conditions also

suggest: that PCDD/Fs could be formed during the gas generating process as well as in the waste streams. The

gas generating unit has a well-defined temperature profile with m a x i m u m temperatures of 1000*C occurring

within »he bottom of the charge. PCDD/F formation could occur in the upper cooler zone (possibly associated

with fly ash) near the gas exit. In addi t ion , PCDD/F formation could occur where residence times are longer

:iuch as the fly ash o u t l e t and bottom ash outlets. © 1997 Elsevier Science Ltd

(INTRODUCTION

Despite the extensive amount of information published on sources ofpolychlorinated dibenzo-p-dioxins and

dibenzofurans (PCDD/Fs), the U.S. Environmental Protection Agency (EPA) and others have acknowledged that

there remain a significant number of unidentified PCDD/F sources (EPA, 1995). Over the past twenty-five years,

scientific research has demonstrated that PCDD/Fs are generated during a wide range of activities including pesticide

(Cockrane et aJ., 1982), paint, dye, and pigment production (Remmers et aj., 1991; Williams et al., 1992; Christmann

f.\ al., 1989; LeBel el al., 1991); petroleum refining (API , 1990); paper pulp bleaching; metallurgical processes

(Theisen et al., 1993); combustion processes such as hazardous waste, medical waste, municipal solid waste, and

sewage sludge incineration (Heindl and Hutzinger, 1989; Fiedler, 1993); and the incineration ofpolychlorinated

biphenyls (PCBs) (Buser et al, 1978). PCDD/Fs have also been detected in still bottoms from dry cleaners (Towara

ct al, 1992), automobile exhaust, soot from the chimneys of residential wood stoves, and in commercial detergents

(Rappectal, 1990;Lahl, 1993; Rappe and Andersson, 1992).

Several recent studies have demonstrated that the combustion of coal in utility boilers may be a significant

wurce of PCDD/Fs to the environment (Retard et al., 1994; Frankenhaeuser et al., 1993, 1994; Ruuskanen et al.,

1994; Thub et al, 1995; Cains and Dyke, 1994). Because of similarities in the feedstock and processing, the
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production of manufactured gas from coaj may also be an important source of PCDD/Fs. For instance, during ga:;

manufacturing, coal is heated and the gases, residues, and ash are cooled through the temperature range that is optimal

for PCDD/F formation. Other conditions requisite for PCDD/F formation in coal combustion, including carbon,,

chlorine and metal catalysts, also exist during the thermal processing step of gas manufacture. The concern that gas

product ion from coal and coke may be a source of PCDD/Fs was first raised by the EPA (Page et al., 1978) in its

guidel ine document for preparation of test plans for coal gasification plants. The document specifically identifier

PCDD/Fs as potential contaminants from these facilities, yet no studies have been published that attempt to confirm

the presence of these compounds at gas plants or that examine the possible formation of these compounds during gas

manufac tur ing .

For almost 200 years, gas manufacturing provided a cheap source of gas to residential consumers in the United

States. Its use has only recently been restricted to supply during peak demand due to the advent of reliable natural

gas pipelines. The operations surrounding gas manufacturing were extensive. For example, according to historical

records, gas manufacturing occurred along the Passaic River in New Jersey from the late 1800's until the 197ffs. Ten

plants were required to meet the needs of northern New Jersey communities such as Newark, Jersey City and

Paterson. Of these plants, the four largest were each capable of producing 15 mil l ion to 40 mi l l ion cubic feet of gas

per day (Public Service Review, 1924).

Although gas manufacturing plants exist throughout the United States, a particularly large amount of data is

available regarding the faci l i t ies and operations on the Passaic River in northern New Jersey. Consequently, much

of the information provided and discussed in this paper is taken from this pool. However, because gas manufacturing

processes were similar throughout the country, the conclusions drawn are expected to be applicable to the industry

as a whole and not solely to the plants from which the data were obtained.

The specific objectives of this study were to: (1) review the processes by which PCDD/F formation occur

in thermal reactions of coal and coke, (2) review the gas manufacturing process with special emphasis on reactor

conditions that may be suitable for PCDD/F formation, and (3) compare the conditions under which PCDD/F

formation occurs in thermaj reactions to those conditions existing in gas manufacturing to assess whether PCDD/F

formation could have been a component of gas manufacturing waste streams.

MECHANISMS OF PCDD/F FORMATION IN THERMAL REACTIONS OF COAL AAD COKE

The minimal requirements necessary for PCDD/F formation are well-documented and include a source of

carbon, a source of chlorine, and thermaj conditions exceeding approximately 200*C (EPA, 1980; Addink et al.,

1991). Although the precise mechanism by which PCDD/Fs are formed in thermal reactions such as combustion,

incineration, and other non-specific thermal events has not been clearly elucidated, (Dickson et al., 1992; Fiedler,

1993) several theories have been postulated (Dickson et al., 1992; Addink etal. , 1995; Halonen et al, 1995; Chang

and Huang, 1996). The four prevailing PCDD/F formation mechanisms are:

(1) Nat ive PCDD/Fs enter the system and undergo decWori/iation/rechlorination;
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(II) PCDD/Fs are formed through various ring formations and rearrangements of chlorinated precursors

such as PVC, PCBs, and chlorinated benzenes;

( I I I ) PCDD/Fs are formed from appropriate non-chlorinated organic species (i.e., PAHs, lignins, etc.) that

partially breakdown and undergo rearrangement and chlorination; and,

( IV) PCDD/Fs arc formed via de novo synthesis on the surface of particulate carbon.

The primary difference among these mechanisms is the source of the carbon in the final PCDD/F products.

Specifically, was the carbon originally organic or inorganic, chlorinated or non-chlorinated? A wide range of

chlorinated organic PCDD/F precursors have been described in the scientif ic literature inc luding chJorophenols,

chlorobenzenes, chlorinated aliphatic hydrocarbons, PCBs, polyvinyl chloride, and dioxazine-, phthaJocyaninc-, and

chloranil-based dyes (Williams et ah, 1992; Buser et a!., 1978; Rappe and Andersson, 1992; Heindl and Hutzinger,

1989). The formation of PCDD/Fs during the combustion of untreated wood suggests that PCDD/Fs are also formed

from the breakdown and rearrangement of non-chlorinated organic macromolecules such as lignins (N'estrick et a!,

1989). Finally, PCDD/Fs can be formed in the absence of organic precursors, for example, during the chlorination

and roasting of siliceous black ore, the smelting of steel and magnesium, and from particulate carbon on the surface

of fly ash in the post-combustion chambers of boilers and incinerators (Oehme et a!., 1989; LahJ, 1993; Addink et

al., I990;St ieg] i tze taJ . , 1993; Schoonenboom et al., 1995).

The relat ive importance of each of the formation mechanisms is dependent upon the characteristics of the

feedstock and the operating conditions of the system. The carbon present in coal and coke (the feedstocks in gas

manufacturing) is predominantly in the form of lignins. Lignin-typc compounds are degraded to smaller organic

molecules such as methane and other volat i le organics, polycyclic aromatic hydrocarbons (PAHs), and various

heterocyclic compounds including dibenzothiophene and dibenzofuran (ERT, 1984;GRJ, 1987). Since these source

compounds are non-chJorinated and subjected to severe thermal conditions, only formation mechanisms (III) and (IV)

would be expected to be important in gas manufacturing processes. Reaction time, however, may also influence

which of the PCDD/F formation mechanisms dominates. For example, Dickson et al. (1992) concluded that the

relative importance of precursor-dependent PCDD/F formation (II or III) versus de novo synthesis (IV) was primarily

governed by residence time. They showed that precursor-dependent formation predominates under the relatively short

residence t ime associated with post-combustion and heat exchange sections of an inc inera tor , but that in pollution

control equipment such as electrostatic precipitators which have longer residence times (1-1000 seconds), de novo

synthesis may make a significant contribution to PCDD/F emissions.

The carbon content of the feedstock has been shown to affect the amount of PCDD/Fs formed. In a study of

PCDD/F formation under de novo synthesis, Stieglitz et al. (1989) reported a good correlation between carbon content

and PCDD/F concentrations under standard conditions of 300*C, 150 mg/L water vapor, 1% KC1, and 0.4% CuCI2.

The amount of PCDD/Fs formed increased with increasing carbon content, until, at the highest carbon concentration

evaluated (80%), no further increase in PCDD/Fs was observed. The authors attributed this to the depletion of
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avai lable chlorine. Similar relat ionships between carbon content and amount of PCDD/Fs generated have been

observed in s tud ies of munic ipal solid waste inc inera tors and mixed waste u t i l i t y boilers (Wunsch et al., 1994).

Doth the form and concentration of chlorine appear to be factors in PCDD/F formation. WhJIc it is well-known

that Clj is the principal chlor inat ing agent in many PCDD/F-gencrating reactions such as PCB and trichlorophenol

product ion (EPA, I9SO), Hoffman et al. (1990) concluded that it is probably not the chlorinating agent in de novo

synthesis. Instead, they argue that HC1 reacts with the fly ash surface to form a surface-bound chlorinating agent.

Studies of PCDD/F formation during the incinerat ion of municipal solid waste support this view. They indicate that

volatile inorganic chlorides (e.g., NaCI and FeClj) formed dur ing combustion condense on carbon particle surfaces

at approximately 440°C and subsequent ly participate in the formation of chlorinated aromatic compounds such as

PCDD/Fs (Fangmark et al., 1994). It has aJso been suggested that the de novo formation of PCDD/Fs formed during

the thermal react ion of fly ash results from the degradat ion of carbon and the formation of volat i le halogenated

organic compounds (Sliegl i tz et al., 1993).

The effect of chlorine concentration on PCDD F formation and distribution has been demonstrated in several

studies. Manila et al. (1992), for example, observed increased PCDD/F formation with increasing chlorine content

of mixed fuels (coal, bark, and plastics). Thub el aj. (1995) reported similar results for residential combustion of

lignite. In this case, the researchers evaluated lignite with chlorine contents of either 300 or 2,000 ppm chlorine. The

concentration of total PCDD/Fs generated was approximately 3.5 times greater from the lignite with the higher

chlorine content. Specifically, total PCDD/F concentrations were 2,247 pg/m' and 7,540 pg/m' in the 300 and 2,000

ppm chlorine content briquettes, respectively.

Metals present in the feedstock can serve as catalysts, greatly increasing the rate of PCDD/F formation

(Stiegli tz et al . , 1989; Halonen et al., 1995). According to Stieglitz et al (1989), copper chloride is particularly

effective while other divalent metal.chJorides such as magnesium, zinc, mercury, cadmium, tin, and lead display only

limited catalytic act ivi ty . Increasing the copper ion concentration during de novo synthesis resulted in a more than

proportional rise in PCDD/F formation. Copper is particularly interesting because it has been found to assist in ring

condensation reactions from materials such as chlorophenols (Addink et al., 1995; Gul le t et al., 1992; Bruce et al.,

1991). Addink et al. (1990) demonstrated that CuCI. catalyzes both ring closure and chJorination of the dibenzoruran

and dibenzo-p-dioxin rings. Other studies indicate that catalysis by transition metals eroded from fly ash particles

occurs primarily through electrophilic substitution reactions (Hoffman et al., 1990; Schoonenboom et al., 1995), and

that the formation of PCDD/Fs likely proceeds via a two-stage mechanism. The first step in this proposed mechanism

is the chJorination of the carbon surface and the second is the ox ida t ive decomposition of the chlorinated carbon to

yield PCDD/Fs (Schoonenboom et al . , 1995).

Temperature is perhaps the most important factor affecting PCDD/F formation. Under optimal combustion

conditions (i.e., sufficient oxygen, mixing, arid air flow), essentially all organic compounds including PCDD/Fs are

destroyed at temperatures exceeding 800'C. Under less optima! conditions such as insufficient oxygen, however,.

PCDD/Fs may be formed even at elevated temperatures (Gul le t et al., 1990). Furthermore, studies of PCDD/F
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formation on the surface of fly ash have shown that PCDD/Fs may be formed at temperatures as low as 200'C, and

that such dc now formation of PCDD/Fs is thcrmodynamically controlled (Addink ct al., 1990). Stieglitz el al.

(1989) demonstrated that the optima! temperature for PCDD/F formation on fly ash is 300'C: total PCDDs and total

PCDFs formed were 18.6 and 65 ng/g, respectively, at 250'C; 1,060 and 5,337 ng/g at 300'C; and 15.5 and 126 ng/g

at 350*C. Low temperature formation of PCDD/Ts has been demonstrated by Fiedler (1993) as well.

THE GAS MANUFACTURING PROCESS

Gas manufacturing from coal or coke essentially involves the thermaJ conversion of coal to combustible gases.

Gasification is achieved by subject ing the coaj to a gasifying agent, such as steam, at temperatures above 700°C

(Qader, 19S5). Tar, sludges, spent oxides, and ash are typical residuals and wastes (ERT, 1984). Depending on the

type of coal being processed, and the gas composition product desired, some or all of the following steps are required:

(1) Pretreatment of the coal, invoking mi ld oxidation of the coal (by low temperature heating in the

presence of air or oxygen) to destroy the caking characteristics of the coal;

(2) Primary gasification of the coal, via thermal decomposition of the coal, at pressures up to 1,000 psi,

with air, oxygen, or steam additions as required to support combustion. The product is usually a low-

BTU gas, with other components inc lud ing tar, oils and phenols, and sometimes a solid char;

(3) Secondary gasification of the carbonaceous residue (char) from the primary gasifier;

(4) Removal of carbon d iox ide , hydrogen sulfide, and other gases;

(5) Shift conversion for adjustment of the carbon monoxide/hydrogen mole ratio to the desired ratio.

Carbon monoxide and hydrogen produced in the steps above are reacted with steam to produce the

ideal 3:1 ratio of carbon monoxide and hydrogen for the production of methane at temperatures no

greater than 400°C; and,

. (6) Catalytic methanation (hydrogasification) of the carbon monoxide/hydrogen mixture to form methane.

One of the most common means of producing gas, especially from the early 1900s through the 1950s, was

the carburerted water gas process. In New Jersey, for example, carburerted water gas was produced at least from 1900

to the mid to late 1940s (Public Service Review, 1924; PSE&G, 1996), and in more l imi ted amounts, through the

1970s. The plants were i n i t i a l l y designed to produce "carburetted water gas" of medium thermaJ content (Public

Service Review 1924; Lulz, 1925; PSEAG, 1996).

The basic process flow sheet for this carburetted water gas process is depicted in Figure 1. Fuel, primarily

coaJ and coke, was introduced to the gas generator at a rate of approximately 3 - 4 tons/hr (Lutz, 1925). Note at this

time (circa 1920) flow-through or moving-bed gas generators were not yet available, so gas was produced in a batch-

type mode where fuel was added as the previous charge was depleted in carbon (Morgan 1931; Speight, 1983; van

Heeck, 1981). The use of mul t ip l e generating units provided a more or less continual generation of gas from hour

to hour. Once in the generator, the fuel was heated by drawing air across the fuel bed and brought up to temperature
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with the generator vent in the open position (van Hecck, 1981; Morgan, 1931; Lutz, 1925). When the operating

temperature v.is achieved, steam and air were drawn into the generator fuel and the vent closed.

The water gas created in the generator was drawn to the top of the unit, exi t ing into the carburettor at a

temperature of about 550 to 700°C (van Heeck, 1981; Lutz, 1925). Here, a fine spray of oil was injected into the

water gas stream and the mixture drawn into the brick-lined superheater set at a temperature of about 100CTC. Once

in the superheater, the oil was "gasified" into gases with much higher thermal content. The ratio of fuel (coal and

coke) to oil was approximately 4 kg of fuel to 4 li ters of oil (Lutz, 1925). By adding the oil, the thermal content of

the result ing gas was increased from about 11 MJ/m3 to over 20 MJ/m'. After leaving the superheater, the gas was

drawn through a water based "wash box" that served to collect non-gasified oil (which was drained for disposal) and

then into a series of condensers and cleaners for removal of impur i t ies (Lutz, 1925). The purified gas was piped to

station meters and then to gas storage holders. The approximate composition of gas produced by this system at the

Harrison Gas Plant in New Jersey is presented in Table 1 (Philipps, 1947).

Figure 1. Manufacture of Carburetted Water Gas

SUPERHEATER

CARBURETOR

GEStRATOR

^

WASH BOX

Table 1. Gas Composition in The Carbureltion Process the Harrison Gas Plant

Component

Carbon monoxide

Hydrogen

Methane

Carbon dioxide

Nitrogen

Other

24.2

28.8

16.6

5.1

16.0

9.3
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PCDD/F FORMATION AND RELEASE TO THE ENVIRONMENT DURING GAS MArVlTACTURING

Based on the gas manufacturing process outlined above, it is postulated that PCDD/Fs may be formed from

appropr ia te unchlorinatcd organic species that partially breakdown and undergo rearrangement and chlorination

(format ion mechanism (111)), and through de novo synthesis on the surface of particulate carbon (formation

mechanism ( I V ) ) . These react ions can take place at various stages of the process and depend upon both the

composition of starting materials and the processing parameters used in gas manufacturing.

Composition of Raw Materials

The composition of stalling materials for gas manufacture varies widely depending on the source of the coal

or coke. The carbon content of coals and cokes from various regions of the world ranges from approximately 35 to

9-4% by weight (Thubetal . , 1995; Frankenhaeuseretal., 1994). In coals mined from Pennsylvania the carbon content

ranges from approximately 60 to 80% by weight (DOE, 1982).

Chlorine, an important factor in PCDD/F formation, comprises approximately 0.01 to 0.1% of U.S. coals

(DOE, 19S2). The Paterson Gas Plant in New Jersey used coke as its primary fuel source and although no specific

data are available on its chlorine content, chlorine in coke is known to range from 0.01 to 0.6 percent (Thibaut, 1963).

Chlorine in coke and coal exists mostly in the form of salts such as NaCI, KCI, and MgCI2. These salts are known

to be the primary sources of chlorine involved in thermal reactions of coal that u l t imate ly result in the formation of

PCDD/Fs (Thub et al., 1995). Chlorine is also present in most plant-make-up waters providing an additional, but

variable, source.

Coal and coke also contain numerous metals at concentrations sufficient to catalyze the formation of PCDD/Fs

(Table 2). The concentrations in Table 2, for example, are comparable to those reported in metal-catalyzed de novo

synthesis studies of PCDD/Fs (Addink et al., 1990; Stieglitz et a!., 1985).

Table 2. Coke and Coal Feedstock Inorganic Chemistry

Trace Elemen!

As

Be

Cu

Cd

Hg

Pb

Sb

Sc

Zn

Cl

Reported

Concentrations (mg^kg)' in Coke

0 . 5 - 3 . 0

1 .0 -5 .0

5 .0 -100

0 . 7 - 3 . 0

0 .03 -0 .12

9 - 6 9

0 . 5 - 2

1.0- 13.0

3 7 - 9 0

6 - 1 4 4 0

Harrison Gas Plant

Coal (mg/kg)1

1 - 5 8

. 007-0.9

5 .2 - 160

0.03 - 3 . 4

0 . 0 3 - 0 8 5

1 . 8 - 1 7

0.2- 1.4

1.0-7.8

2.3 - 62

66-910

'Wyat ieta l . (1980)

'PSEAG, 19%
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Gas Manufacturing Operating Conditions and PCDD/F Formation

Within the gas manufacturing process, several locations exhibit conditions suitable for PCDD/F formation.

These include:

(1) The gas generator reactor: The generator contains burned and unbumed coaJ and off gases.

(2) Slack emissions originating from the reactor vents: These are gas phase and paniculate emissions

emanating from the gas generator slack, the superheater units, and the steam generator boilers.

(3) Ash and spent coke or coal exiting the bottom of the reactor: These are wastes from the bottom of gas

generators and ut i l i ty boilers that are usually water sluiced from beneath the generator and boiler

grates. Re-siduaJs include coal and coke dust, spent ash, and clinkers from below the generator grates.

Gasifier ash, the residue from the gasification of coal, is similar in composition to fly ash.

(4) Tar and oil waste enriched in PAHs collected downstream of the reactor: These wastes consist of

condensed gas and coal tar residues collected in water traps and condensers adjacent to product gas

exhaust from the superheater.

Figure 2 (Stultz and KJtto, 1992) shows a typical water gas coal gasification reactor and associated

temperature profile. In this unit, a column or bed of crushed coal or coke is supported by a grate. At the top of the

generator, the coaJ is heated and dried while the product gas is cooled. The coal is further heated and devolatilized

as it descends through the carbonization zone. Below this area, the devolatilized coaJ is gasified by reaction with

steam and carbon dioxide. The profile indicates that in the combustion zone, the maximum temperature for

gasification is approximately lOWCand occurs within the bottom to center of the charge. Spent coal and ash exit

the bottom of the reactor at much lower temperatures (usually between 200 and 500*C). As in any stack emission,

gases and particulates vented from the top of the generator would also be expected to cool rapidly.

Figure 2. Moving-Bed Gasif ier (Dry Ash)

TEMPERA TIRE, f
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PCDD/F formation within a fixed bed reactor would tend (o occur near the bonom ash exit where temperatures

rapidly fal l below 500'C or near the exit gas vents during heating or replacement of the charge. In both cases,

temperature condit ions for PCDD/F formation are ideal. Furthermore, there is sufficient chlorine and gas-phase

carbon for PCDD/F formation to occur within the reactor. Coal and coke contain salts such as FeCljT MgCI:, NaCI

and KCi as well as catalysts such as CuCI2 , CuCI, and Fed). If, for example, Na and Mg chlorides control the

stability of chlorine in coal (Mohammadi, 1992) then calculations demonstrate that Cl (as HCI) off-gas concentrations

could range from 1 0 u M t o 10'J M in the reactor over a temperature range of 400°C to 10WC. These conditions are

consistent with other combustion processes in which the burning of fuel containing carbon and chlorine results in

PCDD/F formation (Choudhry and Hutzinger, 1983).

It has also been reported that under less-than-optimal conditions (such as insufficient oxygen), PCDD/Fs may

be formed at temperatures that normally would exceed the threshold temperature of 800 °C for PCDD/F formation

(Gullet et al., 1990). Insuff icient oxygen within the generator reactor f requent ly leads to the formation of numerous

PAH-type compounds, especially during the phase of gas production, where steam injection eliminates air in the

generator house. While generator temperatures typically exceed 800°C, PCDD/F formation within the generator may

sti l l occur.

The known production of PAHs during the coal gasification process is an important indicator for simultaneous

PCDD/F production because the formation of PAHs in coal ash is thought to be similar to the formation of PCDD/Fs

(Gohda et a l . , 1993). Formation of PAHs and possibly PCDD/Fs could result from:

(1) inadequate supply of combustion air, resul t ing in fuel rich pockets and incomplete oxidation,

(2) low combustion temperatures, result ing in slow and incomplete combustion, and

(3) insufficient turbulence, result ing in inadequate mixing (can cause fuel rich pockets or cool zones).

Compounds, including PAHs and PCDD/Fs, that have formed in the generator are subsequently concentrated

with condenser fluids and tars. Mohr and King (1985) report that the condensate water from gasifiers is

contaminated with high concentrations of phenols and other organic compounds. PCDD/Fs are thus also likely to

accumulate in condensate water.

Venting of stack gases and ash occurred as a normal part of the gasification cycle. For instance, carburetted

water gas generators at older plants operated intenmitlently with alternate periods of blowing and gasification called

"blow-or-make" (Schi l l ing et al., 1981). In the first phase, blowing air was used as described earlier to heat the

generator by the combustion of coke. In the second phase, the incandescent coke was treated with steam to cause an

endothermic reaction that cooled the coke and produced water gas with high contents of carbon monoxide and

hydrogen. This gasification was then followed by another period of air blowing to re-heat the generator. During

heating, the vents in the generator chambers were always open to allow venting of unwanted gases and particulates.

The role of flue gas particulates and fly ash is likely important in PCDD/F formation in gasifier processes.

As noted by Choudhry and Hutzinger (1983), PCDD/Fs are formed from aromatic precursor compounds adsorbed
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onto the reac t ive surface of fly ash en t ra ined in combustion plasmas. Formation occurs in regions where the

temperature of the combustion off-gasses has cooled to 200 to 400°C. Chloride ions from inorganic sources such as

copper ch lo r ide may act as gaseous-phase catalysts to promote surface reactions that convert aromatic precursor

compounds to chlorinated d i o x i n s and dibenzofurans. In the case of carburetted water gas production, oil introduced

in the superheaters contains numerous trace metals inc lud ing nickel, vanadium, molybdenum, zinc, lead, chromium,

and copper that may also serve to catalyze PCDD/F formation on fly or bottom ash surfaces (Whiticar et al., 1992).

Other possible pathways for PCDD/F formation are associated with the flue gas and bottom ash waste stream

and may prove important for gas manufactur ing processes. For example, PCDD/Fs have been synthesized through

reaction of carbonaceous paniculate matter containing Mg- and Al-si!icates in the presence of CuCl2 at a temperature

of 300°C (S t i eg l iu et a l . , 19S9). This reac t ion has also yielded chlorinated benzenes, chlorinated biphenyls, and

chlorinated naphthalenes, which are waste stream components common in gas manufacturing.

SUMMARY AND CONCLUSIONS

Based on historical records for gas manufacturing plants located in New Jersey, it has been demonstrated that

many of the chemical and physical requi rements for PCDD/F formation were present during the production of

manufactured gas. These requirements (specifically, the presence of carbon, chlorine, metal catalysts, and adequate

temperature) were met in several areas of a typical carburetted water gas plant. These include gas phase and

paniculate emissions emanating from the gas generator stack, the superheater units, the steam generator boilers; ash

and spent coal originated from the bottom of the gas generator and u t i l i ty boilers; and condensed gas and coal tar

residues collected in water traps and condensers adjacent to product gas exhaust from the superheater. The coal and

coke used in gas manufacturing typically contained up to about 95% carbon and 0.1% chlorine, which, at the

. operating temperatures seen in most older, carburetted water gas units, were sufficient for chlorination reactions to

occur. Large amounts of metals and metal loids, which have been shown to promote PCDD/F formation in similar

s i tua t ions , have also been found in bottom ash, fly ash, and condenser wastes. Numerous PCDD/F precursor

compounds and other organic substrates also exis ted, particularly in downstream gas clean-up processes. The high

amounts of PAHs observed in gasification waste supports the presence of conditions suitable for PCDD/F formation.

Reactor conditions suggest that PCDD/Fs could be formed during the gas generating process as well as in the

waste streams. The gas generating unit has a well-defined temperature profile with maximum temperatures of 1000°C

occurring within the bottom of the charge. PCDD/F formation could occur in the upper cooler zone (possibly

associated with fly ash) near the gas exit . Since PAH compounds escape the superheater, are possibly formed there,

and are collected in large quanti t ies within the condenser fluids, PCDD/Fs may form and collect in a similar fashion.

In addi t ion, PCDD/F formation could occur where residence times are longer, such as in the fly ash outlet and bottom

ash outlets.

Gas manufacturing production has, in general, decreased significantly over the last 20 years. However, based

on the numerous process residuals produced from these facilities (PSE&G, 1996), it is not unreasonable to suspect
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that these process wastes represent an on-going source of PCDD/Fs to the environment This seems especially likely

in the case of stack emissions which may have impacted a wide area and now circulate in the environment as

components of urban runoff.

Because the conditions requisite to formation of PCDD/F formalion appear to be present in gas manufacturing,

especially the earlier carburettcd water gas process, the challenge now lies in determining if PCDD/Fs from this

source can be identified within the environment. As noted previously, no studies have been published that attempt

to confirm the existence of these compounds at gas plants or examine the possible formation of these compounds

during gas manufacturing. Because of the need for large volumes of water for cooling and cycling of waste and

process residuals, many former gas manufacturing plants lie along waterways. Sediment and soil located at these

facilities sould be examined to confirm the extent to which PCDD/Fs are associated with gas manufacturing facilities.
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Subpart A -- General

[TOPI
§261.1 Purpose and scope.

(a) This part identifies those solid wastes which are subject to regulation as hazardous wastes under
parts 262 through 265, 268, and parts 270, 271, and 124 of this chapter and which are subject to the
notification requirements of section 3010 of RCRA. In this part:

(1) Subpart A defines the terms "solid waste" and "hazardous waste", identifies those wastes which are
excluded from regulation under parts 262 through 266, 268 and 270 and establishes special managemeni:
requirements for hazardous waste produced by conditionally exempt small quantity generators and
hazardous waste which is recycled.

(2) Subpart B sets forth the criteria used by EPA to identify characteristics of hazardous waste and to list
part icular hazardous wastes.

(3) Subpart C identifies characteristics of hazardous waste.

(4) Subpart D lists particular hazardous wastes.

(b)(l) The definition of solid waste contained in this part applies only to wastes that also are hazardous
for purposes of the regulations implementing subtitle C of RCRA. For example, it does not apply to
materials (such as non-hazardous scrap, paper, textiles, or rubber) that are not otherwise hazardous
wastes and that are recycled.

(2) This part identifies only some of the materials which are solid wastes and hazardous wastes under
sections 3007, 3013, and 7003 of RCRA. A material which is not defined as a solid waste in this part, or
is not a hazardous waste identified or listed in this part, is still a solid waste and a hazardous waste for
purposes of these sections if:

(ij In the case of sections 3007 and 3013. EPA has reason to believe that the material may be a solid
waste wi th in the meaning of section 1004(27) of RCRA and a hazardous waste within the meaning of
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section 1004(5) of RCRA; or

( i i ) In the case of section 7003, the statutory elements are established.

(c) For the purposes of §§261.2 and 261.6:

(1) A "spent material" is any material that has been used and as a result of contamination can no longer
serve the purpose for which it was produced without processing;

(2) "Sludge" has the same meaning used in §260.10 of this chapter;

(3) A "by-product" is a material that is not one of the primary products of a production process and is
not solely or separately produced by the production process. Examples are process residues such as slags
or dist i l lat ion column bottoms. The term does not include a co-product that is produced for the genera!
public's use and is ordinari ly used in the form it is produced by the process.

(4) A material is "reclaimed" if it is processed to recover a usable product, or if it is regenerated.
Examples are recovery of lead values from spent batteries and regeneration of spent solvents.

(5) A material is "used or reused" if it is either:

(i) Employed as an ingredient (including use as an intermediate) in an industrial process to make a
product (for example, distillation bottoms from one process used as feedstock in another process).
However, a material will not satisfy this condition if distinct components of the material are recovered
as separate end products (as when metals are recovered from metal-containing secondary materials); or

(ii) Employed in a particular function or application as an effective substitute for a commercial product
(for example, spent pickle liquor used as phosphorous precipitant and sludge conditioner in wastewater
treatment).

(6) "Scrap metal" is bits and pieces of metal parts (e.g.,) bars, turnings, rods, sheets, wire) or metal
pieces that may be combined together with bolts or soldering (e.g., radiators, scrap automobiles, railroad
box cars), which when worn or superfluous can be recycled.

(7) A material is "recycled" if it is used, reused, or reclaimed.

(8) A material is "accumulated speculatively" if it is accumulated before being recycled. A material is
not accumulated speculatively, however, if the person accumulating it can show that the material is
potentially recyclable and has a feasible means of being recycled; and that — during the calendar year
(commencing on January 1) - the amount of material that is recycled, or transferred to a different site
for recycling, equals at least 75 percent by weight or volume of the amount of that material accumulated
at the beginning of the period. In calculating the percentage of turnover, the 75 percent requirement is to
be applied to each material of the same type (e.g., slags from a single smelting process) that is recycled
in the same way (i.e., from which the same material is recovered or that is used in the same way).
Materials accumulating in units that would be exempt from regulation under §261.4(c) are not to be
included in making the calculation. (Materials that are already defined as solid wastes also are not to be
included in making the calculation.) Materials are no longer in this category once they are removed from
accumulation for recycling, however.

(9) "Excluded scrap metal" is processed scrap metal, unprocessed home scrap metal, and unprocessed
prompt scrap metal .

7/innnn"1 in-47 AM
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(10) "Processed scrap metal" is scrap metal which has been manually or physically altered to either
separate it in to d i s t inc t materials to enhance economic value or to improve the handling of materials.
Processed scrap metal includes, but is not l imited to scrap metal which has been baled, shredded,
sheared, chopped, crushed, flattened, cut, melted, or separated by metal type (i.e., sorted), and, fines,
drosses and related materials which have been agglomerated. (Note: shredded circuit boards being sent
for recycling are not considered processed scrap metal. They are covered under the exclusion from the
def in i t ion of solid waste for shredded c i rcui t boards being recycled (§261.4(a)(13)).

( 1 1 ) "Home scrap metal" is scrap metal as generated by steel mil ls , foundries, and refineries such as
turnings , cut t ings , punchings, and borings.

(12) "Prompt scrap metal" is scrap metal as generated by the metal working/fabrication industries and
includes such scrap metal as turnings, cutt ings, punchings, and borings. Prompt scrap is also known as
industr ial or new scrap metal.

[45 FR 33119, May 19, 1980, as amended at 48 FR 14293, Apr. 1, 1983; 50 FR 663, Jan. 4, 1985; 51 FR 10174, Mar. 24,
1986; 5 1 FR 40636, Nov. 7, 1986; 62 FR 26018, May 12, 1997]

[TOPI
§261.2 Definition of solid waste.

(a)(l) A solid waste is any discarded material that is not excluded by §261.4(a) or that is not excluded
by variance granted under §§260.30 and 260.31.

(2) A discarded material is any material which is:

(i) Abandoned, as explained in paragraph (b) of this section; or

(ii) Recycled, as explained in paragraph (c) of this section; or

( i i i ) Considered inherently waste-like, as explained in paragraph (d) of this section; or

(iv) A military munition identified as a solid waste in 40 CFR 266.202.

(b) Materials are solid waste if they are abandoned by being:

(1) Disposed of; or

(2) Burned or incinerated; or

(3) Accumulated, stored, or treated (but not recycled) before or in lieu of being abandoned by being
disposed of, burned, or incinerated.

(c) Materials are solid wastes if they are recycled - or accumulated, stored, or treated before recycling -
as specified in paragraphs (c)(l) through (4) of this section.

(1) Used in a manner constituting disposal, (i) Materials noted with a "*" in Column 1 of Table I are
solid wastes when they are:

i11 ri/nnrr> irv/n A \
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(A) Applied to or placed on the land in a manner that constitutes disposal; or

(B) Used to produce products that are applied to or placed on the land or are otherwise contained in
products that are applied to or placed on the land (in which cases the product itself remains a solid
waste).

( i i ) However, commercial chemical products listed in §261.33 are not solid wastes if they are applied to
the land and that is their ordinary manner of use.

(2) Burning for energy recovery, (i) Materials noted with a "*" in column 2 of Table 1 are solid wastes
when they are:

(A) Burned to recover energy;

(B) Used to produce a fuel or are otherwise contained in fuels (in which cases the fuel itself remains a
solid waste).

(ii) However, commercial chemical products listed in §261.33 are not solid wastes if they are
themselves fuels.

(3) Reclaimed. Materials noted with a "*" in column 3 of Table 1 are solid wastes when reclaimed
(except as provided under §261.4(a)(17)). Materials noted with a " -- "in column 3 of Table 1 are not
solid wastes when reclaimed.

(4) Accumulated speculatively. Materials noted with a "*" in column 4 of Table 1 are solid wastes when
accumulated speculatively.

Table 1

Reclamation
261.2 (c)

Use constituting Energy recovery/ (except as p
disposal (Sec. fuel (Sec. in 261. 4 (a) (
261.2(c)(l)) 261.2(c)(2)) mineral pro

seconda
materia

1 2

Spent Materials ............. (*) (*)
Sludges (listed in 40 CFR (*) (*)
Part 261.31 or 261.32 ......

Sludges exhibiting a (*) (*)
characteristic of hazardous
waste ......................

By-products (listed in 40 (*} '(*)
CFR 261.31 or 261.32) ......

Ey-products exhibiting a (*) (*)
characteristic of hazardous
waste ......................

Commercial chemical products (*) (*)
listed in 40 CFR 261.33 ____

Scrap metal other than (*) {*)
excluded scrap metal (see
261. l(c) (9) ) ...............

Note : The terms ""spent m a t e r i a l s , ' 1 ""sludges, ' ' " "by-products, ' ' and ""scrap metal
metal ' ' are def ined in Sec . 261.1.



Code of Federal Regulations Search Results http://ecfrback.access.gpo.gov/otcgi/cf...iew&SUBSET=SUBSET&FROM=l&SIZE=l 0&ITEM=1

(d) Inherently waste-like materials. The following materials are solid wastes when they are recycled in
any manner:

(1) Hazardous Waste Nos. F020, F021 (unless used as an ingredient to make a product at the site of
generation), F022, F023. F026. and F028.

(2) Secondary materials fed to a halogen acid furnace that exhibit a characteristic of a hazardous waste
or are listed as a hazardous waste as defined in subparts C or D of this part, except for brominated
material that meets the following criteria:

('i) The material must contain a bromine concentration of at least 45%; and

(ii) The material must contain less than a total of 1% of toxic organic compounds listed in appendix
VIII; and

('iii) The material is processed continually on-site in the halogen acid furnace via direct conveyance
(hard piping).

(3) The Administrator wil l use the following criteria to add wastes to that list:

(i)(A) The materials are ordinarily disposed of, burned, or incinerated; or

(B) The materials contain toxic constituents listed in appendix VIII of part 261 and these constituents
are not ordinarily found in raw materials or products for which the materials substitute (or are found in
raw materials or products in smaller concentrations) and are not used or reused during the recycling
process; and

(ii) The material may pose a substantial hazard to human health and the environment when recycled.

(e) Materials that are not solid waste when recycled. (1) Materials are not solid wastes when they can be
shown to be recycled by being:

(1) Used or reused as ingredients in an industrial process to make a product, provided the materials are
not being reclaimed; or

(ii) Used or reused as effective substitutes for commercial products; or

( i i i ) Returned to the original process from which they are generated, without first being reclaimed or
land disposed. The material must be returned as a substitute for feedstock materials. In cases where the
original process to which the material is returned is a secondary process, the materials must be managed
such that there is no placement on the land. In cases where the materials are generated and reclaimed
within the primary mineral processing industry, the conditions of the exclusion found at §261.4(a)(17)
apply rather than this paragraph.

(2) The following materials are solid wastes, even if the recycling involves use, reuse, or return to the
original process (described in paragraphs (e)(l) (i) through (iii) of this section):

(i) Materials used in a manner constituting disposal, or used to produce products that are applied to the
land; or



Code of Federal Regulations Search Results http://eL-frback.access.gpo.gov/otcgi/cf...ie\v&SUBSET=SUBSET&FROM=l&SlZE=10&ITEM=l

( i i ) Materials burned for energy recovery, used to produce a fuel, or contained in fuels; or

( i i i ) Ma te r i a l s accumulated spcculatively; or

( iv ) Mate r i a l s l isted in paragraphs (d)(l) and (d)(2) of this section.

(f) Documentation of claims that materials are not solid wastes or are conditionally exempt from
regulation. Respondents in act ions to enforce regulations implementing subtitle C of RCRA who raise a
cla im that a certain material is not a solid waste, or is conditionally exempt from regulation, must
demonstrate that there is a known market or disposition for the material, and that they meet the terms of
the exclusion or exemption. In doing so, they must provide appropriate documentation (such as contracts
showing that a second person uses the material as an ingredient in a production process) to demonstrate
that the material is not a waste, or is exempt from regulation. In addit ion, owners or operators of
faci l i t ies c laiming that they actual ly are recycling materials must show that they have the necessary
equipment to do so.

[50 FR 664, Jan. 4, 1985, as amended at 50 FR 33542, Aug. 20, 1985; 56 FR 7206, Feb. 21, 1991; 56 FR 32688, July 17,
1991; 56 FR 42512, Aug. 27, 1991; 57 FR 3S564, Aug. 25, 1992; 59 FR 48042, Sept. 19, 1994:62 FR 6651, Feb. 12, 1997;
62 FR 26019, May 12, \997; 63 FR 28636, May 26, 1998; 64 FR 24513, May 11, 1999; 67 FR 11253, Mar. 13, 2002]

[TOPI
§261.3 Definition of hazardous waste.

(a) A solid waste, as defined in §261.2, is a hazardous waste if:

(1) It is not excluded from regulation as a hazardous waste under §261.4(b); and

(2) It meets any of the following criteria:

(i) It exhibits any of the characteristics of hazardous waste identified in subpart C of this part. However,
any mixture of a waste from the extraction, beneficiation, and processing of ores and minerals excluded
under §261.4(b)(7) and any other solid waste exhibiting a characteristic of hazardous waste under
subpart C is a hazardous waste only if it exhibits a characteristic that would not have been exhibited by
the excluded waste alone if such mixture had not occurred, or if it continues to exhibit any of the
characteristics exhibited by the non-excluded wastes prior to mixture. Further, for the purposes of
applying the Toxicity Characteristic to such mixtures, the mixture is also a hazardous waste if it exceeds
the maximum concentration for any contaminant listed in table I to §261.24 that would not have been
exceeded by the excluded waste alone if the mixture had not occurred or if it continues to exceed the
maximum concentration for any contaminant exceeded by the nonexempt waste prior to mixture.

(ii) It is listed in subpart D of this part and has not been excluded from the lists in subpart D of this part
under §§260.20 and 260.22 of this chapter.

( i i i ) [Reserved]

(iv) It is a mixture of solid waste and one or more hazardous wastes listed in subpart D of this part and
has not been excluded from paragraph (a)(2) of this section under §§260.20 and 260.22, paragraph (g) of
this section, or paragraph (h) of this section; however, the following mixtures of solid wastes and
hazardous wastes listed in subpart D of this part are not hazardous wastes (except by application of
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paragraph (a)(2)(i) or ( i i ) of this section) if the generator can demonstrate that the mixture consists of
\vastewater the discharge of which is subject to regulation under either section 402 or section 307(b) of
the Clean Water Act ( i nc lud ing wastewater at fac i l i t i es which have eliminated the discharge of
\vaste\vater) and;

(A) One or more of the following solvents listed in §261.31 — carbon tetrachloride, tetrachloroethylene,
tvichloroethylene — Provided, That the maximum total weekly usage of these solvents (other than the
amounts that can be demonstrated not to be discharged to wastewater) divided by the average weekly
flow of wastewater in to the headworks of the facil i ty 's wastewater treatment or pretreatment system
does not exceed 1 part per mi l l ion ; or

(B) One or more of the following spent solvents listed in §261.31 - methylene chloride,
1.1,1-trichloroethane, chlorobenzene, o-dichlorobenzene, cresols, cresylic acid, nitrobenzene, toluene,
methyl ethyl ketone, carbon disulf ide, isobutanol, pyridine, spent chlorofluorocarbon solvents —
provided that the maximum total weekly usage of these solvents (other than the amounts that can be
demonstrated not to be discharged to wastewater) divided by the average weekly flow of wastewater
into the headworks of the facility's wastewater treatment or pretreatment system does not exceed 25
parts per mi l l ion ; or

(C) One of the following wastes listed in §261.32, provided that the wastes are discharged to the
refinery oil recovery sewer before primary oil/water/solids separation — heat exchanger bundle cleaning
sludge from the petroleum refining industry (EPA Hazardous Waste No. K050), crude oil storage tank
sediment from petroleum refining operations (EPA Hazardous Waste No. K169), clarified slurry oil tank
sediment and/or in-line filter/separation solids from petroleum refining operations (EPA Hazardous
Waste No. K170), spent hydrotreating catalyst (EPA Hazardous Waste No. K171), and spent
hydrorefining catalyst (EPA Hazardous Waste No. K172); or

(D) A discarded commercial chemical product, or chemical intermediate listed in §261.33, arising from
de minimis losses of these materials from manufacturing operations in which these materials are used as
raw materials or are produced in the manufacturing process. For purposes of this paragraph
(a)(2)(iv)(D), "de min imis" losses include those from normal material handling operations (e.g., spills
from the unloading or transfer of materials from bins or other containers, leaks from pipes, valves or
other devices used to transfer materials); minor leaks of process equipment, storage tanks or containers;
leaks from well maintained pump packings and seals; sample purgings; relief device discharges;
discharges from safety showers and rinsing and cleaning of personal safety equipment; and rinsate from
empty containers or from containers that are rendered empty by that rinsing; or

(E) Wastewater resulting from laboratory operations containing toxic (T) wastes listed in subpart D of
this part, Provided, That the annualized average flow of laboratory wastewater does not exceed one
percent of total wastewater flow into the headworks of the facility's wastewater treatment or
pre-treatment system or provided the wastes, combined annualized average concentration does not
exceed one part per mil l ion in the headworks of the facility's wastewater treatment or pre-treatment
facility. Toxic (T) wastes used in laboratories that are demonstrated not to be discharged to wastewater
are not to be included in this calculation; or

(F) One or more of the following wastes listed in §261.32 — wastewaters from the production of
carbamates and carbamoyl oximes (EPA Hazardous Waste No. K157) — Provided that the maximum
weekly usage of formaldehyde, methyl chloride, methylene chloride, and triethylamine (including all
amounts that can not be demonstrated to be reacted in the process, destroyed through treatment, or is
recovered, i.e., what is discharged or volatil ized) divided by the average weekly flow of process
wastewater prior to any d i l u t i o n s into the headworks of the facility's wastewater treatment system does
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not exceed a total of 5 parts per m i l l i o n by weight; or

(G) Wastewaters derived from the treatment of one or more of the following wastes listed in §261.32 —
organic waste ( i nc lud ing heavy ends, s t i l l bottoms, light ends, spent solvents, filtrates, and decantates)
from the production of carbamates and carbamoyl oximes (EPA Hazardous Waste No. K156). —
Provided, that the maximum concentration of formaldehyde, methyl chloride, methylene chloride, and
t r i e thy lamine prior to any d i l u t i o n s into the headworks of the facili ty 's wastewater treatment system does
not exceed a total of 5 mi l l i g r ams per l i ter .

(v) Rebuttable presumption for used oil. Used oil containing more than 1000 ppm total halogens is
presumed to be a hazardous waste because it has been mixed with halogenated hazardous waste listed in
subpart D of part 261 of this chapter. Persons may rebut this presumption by demonstrating that the used
oil does not contain hazardous waste (for example, by using an analytical method from SW-846, Third
Edi t ion, to show that the used oil does not contain significant concentrations of halogenated hazardous
constituents listed in appendix VIII of part 261 of this chapter). EPA Publication SW-846, Third
Edi t ion, is available for the cost of S 110.00 from the Government Printing Office, Superintendent of
Documents, PO Box 371954, Pit tsburgh, PA 15250-7954. 202-512-1800 (document number
955-001-00000-1).

(A) The rebuttable presumption does not apply to metalworking oils/fluids containing chlorinated
paraffins, if they are processed, through a tol l ing agreement, to reclaim metalworking oils/fluids. The
presumption does apply to metalworking oi ls /f luids if such oils/fluids are recycled in any other manner,
or disposed.

(B) The rebuttable presumption does not apply to used oils contaminated with chlorofluorocarbons
(CFCs) removed from refrigeration units where the CFCs are destined for reclamation. The rebuttable
presumption does apply to used oils contaminated with CFCs that have been mixed with used oil from
sources other than refrigeration units .

(b) A solid waste which is not excluded from regulation under paragraph (a)(l) of this section becomes
a hazardous waste when any of the following events occur:

(1) In the case of a waste listed in subpart D of this part, when the waste first meets the listing
description set forth in subpart D of this part.

(2) In the case of a mixture of solid waste and one or more listed hazardous wastes, when a hazardous
waste listed in subpart D is first added to the solid waste.

(3) In the case of any other waste (including a waste mixture), when the waste exhibits any of the
characteristics identified in subpart C of this part.

(c) Unless and unt i l it meets the criteria of paragraph (d) of this section:

(1) A hazardous waste wi l l remain a hazardous waste.

(2)(i) Except as otherwise provided in paragraph (c)(2)(ii), (g) or (h) of this section, any solid waste
generated from the treatment, storage, or disposal of a hazardous waste, including any sludge, spill
residue, ash emission control dust, or leachate (but not including precipitation run-off) is a hazardous
waste. (However, materials that are reclaimed from solid wastes and that are used beneficially are not
solid wastes and hence are not hazardous wastes under this provision unless the reclaimed material is
burned for energy recovery or used in a manner consti tut ing disposal.)
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( i i ) The following solid wastes are not hazardous even though they are generated from the treatment,
storage, or disposal of a hazardous waste, unless they exhibit one or more of the characteristics of
hazardous waste:

(A) Waste pickle liquor sludge generated by lime stabilization of spent pickle liquor from the iron and
steel indus t ry (SIC Codes 33*1 and 332).

(B) Waste from burning any of the materials exempted from regulation by §261.6(a)(3)(iii) and (iv).

(C)(/) Nonwastewater residues, such as slag, resulting from high temperature metals recovery (HTMR)
processing of K061, K062 or F006 waste, in uni ts identified as rotary kilns, flame reactors, electric
furnaces, plasma arc furnaces, slag reactors, rotary hearth furnace/electric furnace combinations or
indus t r i a l furnaces (as defined in paragraphs (6), (7), and (13) of the definition for "Industrial furnace"
in 40 CFR 260.10), that are disposed in subtitle D units, provided that these residues meet the generic
exclusion levels ident i f ied in the tables in this paragraph for all constituents, and exhibit no
characteristics of hazardous waste. Testing requirements must be incorporated in a facility's waste
analysis plan or a generator's self-implementing waste analysis plan; at a minimum, composite samples
of residues must be collected and analyzed quarterly and/or when the process or operation generating
the waste changes. Persons claiming this exclusion in an enforcement action will have the burden of
proving by clear and convincing evidence that the material meets all of the exclusion requirements.

Maximum for any
single

Constituent composite
sample--TCLP

(mg/1)

Generic exclusion levels for K061 and K062 nonwastewater HTMR residues

Ant imony 0.10
Arsenic 0.50
Barium 7.6
Beryllium 0.010
Cadmium 0.050
Chromium (total) 0.33
Lead 0.15
Mercury 0.009
Nickel i.o
Selenium 0.16
Silver 0.30
Thallium 0 . 020
Zinc 70

Generic exclusion levels for F006 nonwastewater HTMR residues

Ant imony 0.10
Arsenic 0.50
Barium 7.6
Eery 11 ium 0.010
Cadmium 0 . 050
Chromium (total) 0.33
Cyanide (total) (mg/kg) 1.8
Lead 0.15
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Mercury
Nickel
Selenium
Silver
Thallium
Zinc

0 . 009
1.0
0.16
0.30
0.020

70

(_?) A one-time no t i f i c a t i on and cer t i f ica t ion must be placed in the facility's files and sent to the EPA
region or authorized state for K061, K062 or F006 HTMR residues that meet the generic exclusion
levels for all constituents and do not exhibit any characteristics that are sent to subtitle D units. The
not i f ica t ion and cert if ication that is placed in the generators or treaters files must be updated if the
process or operation generating the waste changes and/or if the subtitle D uni t receiving the waste
changes. However, the generator or treater need only notify the EPA region or an authorized state on an
annual basis if such changes occur. Such notif ication and certification should be sent to the EPA region
or authorized state by the end of the calendar year, but no later than December 31. The notification must
include the following informat ion: The name and address of the subti t le D uni t receiving the waste
shipments; the EPA Hazardous Waste Number(s) and treatability group(s) at the ini t ial point of
generation; and, the treatment standards applicable to the waste at the initial point of generation. The
certification must be signed by an authorized representative and must state as follows: "I certify under
penalty of law that the generic exclusion levels for all constituents have been met without impermissible
d i lu t ion and that no characteristic of hazardous waste is exhibited. I am aware that there are significant
penalties for submitt ing a false certification, including the possibility of fine and imprisonment."

I'D) Biological treatment sludge from the treatment of one of the following wastes listed in §261.32 —
organic waste (including heavy ends, s t i l l bottoms, light ends, spent solvents, filtrates, and decantates)
from the production of carbamates and carbamoyl oximes (EPA Hazardous Waste No. K156), and
wastewaters from the production of carbamates and carbamoyl oximes (EPA Hazardous Waste No.
K157).

(E) Catalyst inert support media separated from one of the following wastes listed in §261.32 — Spent
hydrotreating catalyst (EPA Hazardous Waste No. K171), and Spent hydrorefining catalyst (EPA
Hazardous Waste No. K172).

(d) Any solid waste described in paragraph (c) of this section is not a hazardous waste if it meets the
following criteria:

(1) In the case of any solid waste, it does not exhibit any of the characteristics of hazardous waste
identified in subpart C of this part. (However, wastes that exhibit a characteristic at the point of
generation may st i l l be subject to the requirements of part 268, even if they no longer exhibit a
characteristic at the point of land disposal.)

(2) In the case of a waste which is a listed waste under subpart D of this part, contains a waste listed
under subpart D of this part or is derived from a waste listed in subpart D of this part, it also has been
excluded from paragraph (c) of this section under §§260.20 and 260.22 of this chapter.

(e) [Reserved]

({) Notwi ths tanding paragraphs (a) through (d) of this section and provided the debris as defined in part
268 of this chapter does not exhibi t a characteristic identified at subpart C of this part, the following
materials are not subject to regulation under 40 CFR parts 260, 261 to 266, 268, or 270:
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(1) Hazardous debris as defined in part 268 of this chapter that has been treated using one of the
required extraction or destruction technologies specified in Table 1 of §268.45 of this chapter; persons
cla iming this exclusion in an enforcement action wil l have the burden of proving by clear and
convincing evidence that the material meets all of the exclusion requirements; or

(2) Debris as defined in part 268 of this chapter that the Regional Administrator, considering the extent
of contaminat ion, has determined is no longer contaminated with hazardous waste.

(g)( l ) A hazardous waste that is l isted in subpart D of this part solely because it exhibits one or more
characteristics of i gn i t ab i l i t y as defined under §261.21, corrosivity as defined under §261.22, or
react ivi ty as defined under §261.23 is not a hazardous waste, if the waste no longer exhibits any
characteristic of hazardous waste ident i f ied in subpart C of this part.

(2) The exclusion described in paragraph (g)( l) of th is section also pertains to:

(i) Any mixture of a solid waste and a hazardous waste listed in subpart D of this part solely because it
exhibits the characteristics of igni tab i l i ty . corrosivity, or reactivity as regulated under paragraph
(a)(2)(iv) of this section; and

(ii) Any solid waste generated from treat ing, storing, or disposing of a hazardous waste listed in subpart
D of this part solely because it exhibits the characteristics of ignitabili ty, corrosivity, or reactivity as
regulated under paragraph (c)(2)(i) of this section.

(3) Wastes excluded under this section are subject to part 268 of this chapter (as applicable), even if they
no longer exhibit a characteristic at the point of land disposal.

(4) any mixture of a solid waste excluded from regulation under §261.4(b)(7) and a hazardous waste
listed in subpart D of this part solely because it exhibits one or more of the characteristics of ignitability,
corrosivity, or reactivity as regulated under paragraph (a)(2)(iv) of this section is not a hazardous waste,
if the mixture no longer exhibits any characteristic of hazardous waste identified in subpart C of this part
for which the hazardous waste listed in subpart D of this part was listed.

(h)(l) Hazardous waste containing radioactive waste is no longer a hazardous waste when it meets the
el ig ib i l i ty criteria and conditions of 40 CFR part 266, Subpart N ("eligible radioactive mixed waste").

(2) The exemption described in paragraph (h)(l) of this section also pertains to:

(i) Any mixture of a solid waste and an eligible radioactive mixed waste; and

( i i ) Any solid waste generated from treating, storing, or disposing of an eligible radioactive mixed
waste.

(3) Waste exempted under this section must meet the eligibility criteria and specified conditions in 40
CFR 266.225 and 40 CFR 266.230 (for storage and treatment) and in 40 CFR 266.310 and 40 CFR
266.315 (for transportation and disposal). Waste that fails to satisfy these eligibility criteria and •
conditions is regulated as hazardous waste.

[57 FR7632, Mar. 3, 1992; 57 FR 23063. June 1, 1992, as amended at 57 FR 37263, Aug. 18, 1992; 57 FR 41611 , Sept. 10,
1992; 57 FR 49279, Oct. 30, 1992; 59 FR 38545, Ju ly 28, 1994; 60 FR 7848, Feb. 9, 1995; 63 FR 28637, May 26, 1998; 63
FR 42184, Aug. 6, 1998; 66 FR 27297, May 16, 2001: 66 FR 50333, Oct. 3,2001]



'ode of Federal Regulations Search Results http://ecfrback.access.gpo.gov/otcgi/cf...ie\v&SUBSET=SUBSET&FROM=l&SIZE=IO,!HTEM=l

Appendix VII identifies the constituent which caused the Administrator to list the waste as a Toxicity
Characteristic Waste (E) or Toxic Waste (T) in §§261.31 and 261.32.

(c) Each hazardous waste listed in this subpart is assigned an EPA Hazardous Waste Number which
precedes the name of the waste. This number must be used in complying with the notification
requirements of Section 3010 of the Act and certain recordkeeping and reporting requirements under
parts 262 through 265. 268. and part 270 of this chapter.

(d) The fol lowing hazardous wastes listed in §261.3 1 or §261.32 are subject to the exclusion limits for
acutely hazardous wastes established in §261.5: EPA Hazardous Wastes Nos. FO20, FO21, FO22,
FO23, F026, and F027.

[45 FR 33119, May 19. 1980. as amended at 48 FR 14294, Apr. 1, 1983; 50 FR 2000, Jan. 14, 1985; 51 FR 40636, Nov. 7,
1986: 55 FR 11S63, Mar. 29. 1990]

§261.31 Hazardous wastes from non-specific sources.

(a) The following solid wastes are listed hazardous wastes from non-specific sources unless they are
excluded under §§260.20 and 260.22 and listed in appendix IX.

Industry and EPA hazardous
waste No. Hazardous waste Hazard code

Generic:
F001 The following spent (T)

halogenated solvents
used in degreasing:
Tetrachloroethylene,
trichloroethylene,
methylene chloride,
1,1,1-trichloroethane,
carbon tetrachloride,
and chlorinated
fluorocarbons; all spent
solvent mixtures/blends
used in degreasing
containing, before use,
a total of ten percent
or more (by volume) of
one or more of the above
halogenated solvents or
those solvents listed in
F002, F004, and F005;
and still bottoms from
the recovery of these
spent solvents and spent
solvent mixtures.

F002 The following spent (T)
halogenated solvents:
Tetrachloroethylene,
methylene chloride,
trichloroethylene, 1,1,1-
trichloroethane,
chlorobenzene, 1,1,2-



FOG 3

F004

FOO:

trichloro-1,2,2-
trifluoroethane, ortho-
dichlorobenzene,
trichlorofluoromethane,
and 1,1,2-
trichloroethane; all
spent solvent mixtures/
blends containing,
before use, a total of
ten percent or more (by
volume) of one or more
of the above halogenated
solvents or those listed
in F001, F004, or F005;
and still bottoms from
the recovery of these
spent solvents and spent
solvent mixtures.

The following spent non- (I)*
halogenated solvents:
Xylene, acetone, ethyl
acetate, ethyl benzene,
ethyl ether, methyl
isobutyl ketone, n-butyl
alcohol, cyclohexanone,
and methanol; all spent
solvent mixtures/blends
containing, before use,
only the above spent non-
halogenated solvents;
and all spent solvent
mixtures/blends
containing, before use,
one or more of the above
non-halogenated
solvents, and, a total
of ten percent or more
(by volume) of one or
more of those solvents
listed in F001, F002,
F004, and F005; and
still bottoms from the
recovery of these spent
solvents and spent
solvent mixtures.

The following spent non- (T).
halogenated solvents:
Cresols and cresylic
acid, and nitrobenzene;
all spent solvent
mixtures/blends
containing, before use,
a total of ten percent
or more (by volume) of
one or more of the above
non-halogenated solvents
or those solvents listed
in F001, F002, and F005;
and still bottoms from
the recovery of these
spent solvents and spent
solvent mixtures.

The following spent non- (I,T)
halogenated solvents:
Toluene, methyl ethyl
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F006

F007.

F008.

F009.

F010.

F011

F012

ketone, carbon
disulfide, isobutanol,
pyridine, benzene, 2-
ethoxyethanol, and 2-
nitropropane; all spent
solvent mixtures/blends
containing, before use,
a total of ten percent
or more (by volume) of
one or more of the above
non-halogenated solvents
or those solvents listed
in F001, F002, or F004;
and still bottoms from
the recovery of these
spent solvents and spent
solvent mixtures.

Wastewater treatment (T)
sludges from
electroplating
operations except from
the following processes:
(1) Sulfuric acid
anodizing of aluminum;
(2) tin plating on
carbon steel; (3) zinc
plating (segregated
basis) on carbon steel;
(4) aluminum or zinc-
aluminum plating on
carbon steel; (5)
cleaning/stripping
associated with tin,
zinc and aluminum
plating on carbon steel;
and (6) chemical etching
and milling of aluminum.
Spent cyanide plating (R, T)
bath solutions from
electroplating
operations.

Plating bath residues (R, T)
from the bottom of
plating baths from
electroplating
operations where
cyanides are used in the
process.
Spent stripping and (R, T)
cleaning bath solutions
from electroplating
operations where
cyanides are used in the
process.
Quenching bath residues (R, T)
from oil baths from
metal heat treating
operations where
cyanides are used in the
process.
Spent cyanide solutions (R, T)
from salt bath pot
cleaning from metal heat
treating operations.

Quenching waste water (T)
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F019.

F020

F021

F022 .

F023

treatment sludges from
metal heat treating
operations where
cyanides are used in the
process.

Wastewater treatment (T)
sludges from the
chemical conversion
coating of aluminum
except from zirconium
phosphating in aluminum
can washing when such
phosphating is an
exclusive conversion
coating process.

Wastes (except wastewater (H)
and spent carbon from
hydrogen chloride
purification) from the
production or
manufacturing use (as a
reactant, chemical
intermediate, or
component in a
formulating process) of
tri- or
tetrachlorophenol, or of
intermediates used to
produce their pesticide
derivatives. (This
listing does not include
wastes from the
production of
Hexachlorophene from
highly purified 2,4,5-
trichlorophenol.).

Wastes (except wastewater (H)
and spent carbon from
hydrogen chloride
purification) from the
production or
manufacturing use (as a
reactant, chemical
intermediate, or
component in a
formulating process) of
pentachlorophenol, or of
intermediates used to
produce its derivatives.

Wastes (except wastewater (H)
and spent carbon from
hydrogen chloride
purification) from the
manufacturing use (as a
reactant, chemical
intermediate, or
component in a
formulating process) of
tetra-, penta-, or
hexachlorobenzenes under
alkaline conditions.

Wastes (except wastewater (H) .
and spent carbon from
hydrogen chloride
purification) from the
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F025

F026

production of materials
on equipment previously
used for the production
or manufacturing use (as
a reactant, chemical
intermediate, or
component in a
formulating process) of
tri- and
tetrachlorophenols.
(This listing does not
include wastes from
equipment used only for
the production or use of
Hexachlorophene from
highly purified 2,4,5-
trichlorophenol.).

Process wastes, including (T)
but not limited to,
distillation residues,
heavy ends, tars, and
reactor clean-out
wastes, from the
production of certain
chlorinated aliphatic
hydrocarbons by free
radical catalyzed
processes. These
chlorinated aliphatic
hydrocarbons are those
having carbon chain
lengths ranging from one
to and including five,
with varying amounts and
positions of chlorine
substitution. (This
listing does not include
wastewaters, wastewater
treatment sludges, spent
catalysts, and wastes
listed in Sec. 261.31 or
Sec. 261.32. ) .
Condensed light ends, (T)
spent filters and filter
aids, and spent
desiccant wastes from
the production of
certain chlorinated
aliphatic hydrocarbons,
by free radical
catalyzed processes.
These chlorinated
aliphatic hydrocarbons
are those having carbon
chain lengths ranging
from one to and
including five, with
varying amounts and
positions of chlorine
substitution.

Wastes (except wastewater (H)
and spent carbon from
hydrogen chloride
purification) from the
production of materials
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F027 .

F028

F032

on equipment previously
used for the
manufacturing use (as a
reactant, chemical
intermediate, or
component in a
formulating process) of
tetra-, penta-, or
hexachlorobenzene under
alkaline conditions.

Discarded unused
formulations containing
tri-, tetra-, or
pentachlorophenol or
discarded unused
formulations containing
compounds derived from
these chlorophenols.
(This listing does not
include formulations
containing
Hexachlorophene
sythesized from
prepurified 2,4,5-
trichlorophenol as the
sole component.).

Residues resulting from
the incineration or
thermal treatment of
soil contaminated with
EPA Hazardous Waste Nos.
F020, F021, F022, F023,
F026, and F027.

Wastewaters (except those
that have not come into
contact with process
contaminants), process
residuals, preservative
drippage, and spent
formulations from wood
preserving processes
generated at plants that
currently use or have
previously used
chlorophenolic
formulations (except
potentially cross-
contaminated wastes that
have had the F032 waste
code deleted in
accordance with Sec.
261.35 of this chapter
or potentially cross-
contaminated wastes that
are otherwise currently
regulated as hazardous
wastes (i.e., F034 or
F035), and where the
generator does not
resume or initiate use
of chlorophenolic
formulations). This
listing does not include
K001 bottom sediment -
sludge from the

( H )

(T)

(T)
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F034

F035.

F037,

treatment of wastewater
from wood preserving
processes that use
creosote and/or
pentachlorophenol.

Wastewaters (except those (T)
that have not come into
contact with process
contaminants), process
residuals, preservative
drippage, and spent
formulations from wood
preserving processes
generated at plants that
use creosote
formulations. This
listing does not include
K001 bottom sediment
sludge from the
treatment of wastewater
from wood preserving
processes that use
creosote and/or
pentachlorophenol.
Wastewaters (except those (T)
that have not come into
contact with process
contaminants), process
residuals, preservative
drippage, and spent
formulations from wood
preserving processes
generated at plants that
use inorganic
preservatives containing
arsenic or chromium.
This listing does not
include K001 bottom
sediment sludge from the
treatment of wastewater
from wood preserving
processes that use
creosote and/or
pentachlorophenol.
Petroleum refinery (T)
primary oil/water/solids
separation sludge--Any
sludge generated from
the gravitational
separation of oil/water/
solids during the
storage or treatment of
process wastewaters and
oil cooling wastewaters
from petroleum
refineries. Such sludges
include, but are not
limited to, those
generated in oil/water/
solids separators; tanks
and impoundments;
ditches and other
conveyances; sumps; and
stormwater units
receiving dry weather
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F038

flow. Sludge generated
in stormwater units that
do not receive dry
weather flow, sludges
generated from non-
contact once-through
cooling waters
segregated for treatment
from other process or
oily cooling waters,
sludges generated in
aggressive biological
treatment units as
defined in Sec.
261.31(b) (2) (including
sludges generated in one
or more additional units
after wastewaters have
been treated in
aggressive biological
treatment units) and
K051 wastes are not
included in this
listing. This listing
does include residuals
generated from
processing or recycling
oil-bearing hazardous
secondary materials
excluded under Sec.
261.4(a)(12)(i), if
those residuals are to
be disposed of..
Petroleum refinery
secondary (emulsified)
oil/water/sol ids
separation sludge--Any
sludge and/or float
generated from the
physical and/or chemical
separation of oil/water/
solids in process
wastewaters and oily
cooling wastewaters from
petroleum refineries.
Such wastes include, but
are not limited to, all
sludges and floats
generated in: induced
air flotation (IAF)
units, tanks and
impoundments, and all
sludges generated in DAF
units. Sludges generated
in stormwater units that
do not receive dry
weather flow, sludges
generated from non-
contact once-through
cooling waters
segregated for treatment
from other process or
oily cooling waters,
sludges and floats
generated in aggressive

(T)
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F039

biological treatment
units as defined in Sec.
261.31(b)(2) (including
sludges and floats
generated in one or more
additional units after
wastewaters have been
treated in aggressive
biological treatment
units) and F037, K048,
and K051 wastes are not
included in this listing.

Leachate (liquids that
have percolated through
land disposed wastes)
resulting from the
disposal of more than
one restricted waste
classified as hazardous
under subpart D of this
part. (Leachate
resulting from the
disposal of one or more
of the following EPA
Hazardous Wastes and no
other Hazardous Wastes
retains its EPA
Hazardous Waste
Number(s): F020, F021,
F022, F026, F027, and/or
F028 . ) .

(T)

(b) Listing Specific Definitions: (1) For the purposes of the F037 and F038 listings, oil/water/solids is
defined as oil and/or water and/or solids.(2) (i) For the purposes of the F037 and F038 listings,
aggressive biological treatment units are defined as units which employ one of the following four
treatment methods: activated sludge; trickling filter; rotating biological contactor for the continuous
accelerated biological oxidation of wastewaters; or high-rate aeration. High-rate aeration is a system of
surface impoundments or tanks, in which intense mechanical aeration is used to completely mix the
wastes, enhance biological activity, and (A) the units employ a minimum of 6 hp per million gallons of
treatment volume; and either (B) the hydraulic retention time of the unit is no longer than 5 days; or (C)
the hydraulic retention time is no longer than 30 days and the unit does not generate a sludge that is a
hazardous waste by the Toxicity Characteristic.

(i i) Generators and treatment, storage and disposal facilities have the burden of proving that their
sludges are exempt from listing as F037 and F038 wastes under this definition. Generators and
treatment, storage and disposal facilities must maintain, in their operating or other onsite records,
documents and data sufficient to prove that: (A) the unit is an aggressive biological treatment unit as
defined in this subsection; and (B) the sludges sought to be exempted from the definitions of F037
and/or F038 were actually generated in the aggressive biological treatment unit.

(3) (i) For the purposes of the F037 listing, sludges are considered to be generated at the moment of
deposition in the uni t , where deposition is defined as at least a temporary cessation of lateral particle
movement.

f i i ) For the purposes of the F038 listing,
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(A) sludges are considered to be generated at the moment of deposition in the unit , where deposition is
defined as at least a temporary cessation of lateral particle movement and

(B) iloats are considered to be generated at the moment they are formed in the top of the unit. [46 FR
4617, Jan. 16, 1981]

Editorial Note: For FEDERAL REGISTER citations affecting §261.31, see the List of CFR Sections
Affected, which appears in the Finding Aids section of the printed volume and on GPO Access.

[TOPI
§261.32 Hazardous wastes from specific sources.

The following solid wastes are listed hazardous wastes from specific sources unless they are excluded
under §§260.20 and 260.22 and listed in appendix IX.

Industry and EPA hazardous
waste No. Hazardous waste Hazard code

Wood preservation: K001 Bottom sediment sludge (T)
from the treatment of
wastewaters from wood
preserving processes
that use creosote and/or
pentachlorophenol.

Inorganic pigments:
K002 Wastewater treatment (T)

sludge from the
production of chrome
yellow and orange
pigments.

K003 Wastewater treatment (T)
sludge from the
production of molybdate
orange pigments.

K004 Wastewater treatment (T)
sludge from the
production of zinc
yellow pigments.

K005 Wastewater treatment (T)
sludge from the
production of chrome
green pigments.

K006 Wastewater treatment (T)
sludge from the
production of chrome
oxide green pigments
(anhydrous and hydrated).

K007 Wastewater treatment (T)
sludge from the
production of iron blue
pigments.

K008 Oven residue from the (T)
production of chrome
oxide green pigments.

Organic chemicals:
. K009 Distillation bottoms from (T)

the production of
acetaldehyde from •
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ethylene.
K010 Distillation side cuts (T)

from the production of
acetaldehyde from
ethylene.

K011 Bottom stream from the (R, T)
wastewater stripper in
the production of
acrylonitrile.

K013 Bottom stream from the (R, T)
acetonitrile column in
the production of
acrylonitrile.

K014 Bottoms from the (T)
acetonitrile
purification column in
the production of
acrylonitrile.

K015 Still bottoms from the (T)
distillation of benzyl
chloride.

K016 Heavy ends or (T)
distillation residues
from the production of
carbon tetrachloride.

K017 Heavy ends (still (T)
bottoms) from the
purification column in
the production of
epichlorohydrin.

K018 Heavy ends from the (T)
fractionation column in
ethyl chloride
production.

K019 Heavy ends from the (T)
distillation of ethylene
dichloride in ethylene
dichloride production.

K020 Heavy ends from the (T)
distillation of vinyl
chloride in vinyl
chloride monomer
production.

K021 Aqueous spent antimony (T)
catalyst waste from
fluoromethanes
production.

K022 Distillation bottom tars (T)
from the production of
phenol/acetone from
cumene.

K023 Distillation light ends (T)
from the production of
phthalic anhydride from
naphthalene.

K024 Distillation bottoms from (T)
the production of
phthalic anhydride from
naphthalene.

K025 Distillation bottoms from (T)
the production of
nitrobenzene by the
nitration of benzene.

K026 Stripping still tails (T)
from the production of



Code of Federal Regulations Search Results http:/Axtrback. access, gpo.gov/otcgi/cf.. ,iew&SUBSET=SUBSET&FROM=l&SIZE=10&lTEM=l

methy ethyl pyridines.
K027 .' Centrifuge and (R, T)

distillation residues
from toluene
diisocyanate production.

K028 Spent catalyst from the (T)
hydrochlorinator reactor
in the production of
1,1,1-trichloroethane.

K029 Waste from the product (T)
steam stripper in the
production of 1,1,1-
trichloroethane.

K030 Column bottoms or heavy (T)
ends from the combined
production of
trichloroethylene and
perchloroethylene.

KOS3 Distillation bottoms from (T)
aniline production.

K085 Distillation or (T)
fractionation column
bottoms from the
production of
chlorobenzenes.

K093 Distillation light ends (T)
from the production of
phthalic anhydride from
ortho-xylene.

K094 Distillation bottoms from (T)
the production of
phthalic anhydride from
ortho-xylene.

K095 Distillation bottoms from (T)
the production of 1,1,1-
trichloroethane.

K096 Heavy ends from the heavy (T)
ends column from the
production of 1,1,1-
trichloroethane.

K103 Process residues from (T)
aniline extraction from
the production of
aniline.

K104 Combined wastewater (T)
streams generated from
nitrobenzene/aniline
production.

K105 Separated aqueous stream (T)
from the reactor product
washing step in the
production of
chlorobenzenes.

K107 Column bottoms from (C, T)
product separation from
the production of 1,1-
dimethyl-hydrazine
(UDMH) from carboxylic
acid hydrazines.

K108 Condensed column . (I,T)
overheads from product
separation and condensed
reactor vent gases from
the production of 1,1-
dimethylhydrazine (UDMH)
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K149 .

K150

K151 .

K156.

K157.

bromination of ethene.
Still bottoms from the (T)
purification of ethylene
dibromide in the
production of ethylene
dibromide via
bromination of ethene.
Distillation bottoms from (T)
the production of alpha-
(or methyl-) chlorinated
toluenes, ring-
chlorinated toluenes,
benzoyl chlorides, and
compounds with mixtures
of these functional
groups, (This waste does
not include still
bottoms from the
distillation of benzyl
chloride.).

Organic residuals, (T)
excluding spent carbon
adsorbent, from the
spent chlorine gas and
hydrochloric acid
recovery processes
associated with the
production of alpha- (or
methyl-) chlorinated
toluenes, ring-
chlorinated toluenes,
benzoyl chlorides, and
compounds with mixtures
of these functional
groups.

Wastewater treatment (T)
sludges, excluding
neutralization and
biological sludges,
generated during the
treatment of wastewaters
from the production of
alpha- (or methyl-)
chlorinated toluenes,
ring-chlorinated
toluenes, benzoyl
chlorides, and compounds
with mixtures of these
functional groups.

Organic waste (including (T)
heavy ends, still
bottoms, light ends,
spent solvents,
filtrates, and
decantates) from the
production of carbamates
and carbamoyl oximes.
(This listing does not
apply to wastes
generated from the
manufacture of 3-iodo-2-
propynyl n-
butylcarbamate.).

Wastewaters (including (T)
scrubber waters,

•7/Tn/-mr\i
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K158.

K1S9.

K161

K174

condenser waters,
washwaters, and
separation waters) from
the production of
carbamates and carbamoyl
oximes. (This listing
does not apply to wastes
generated from the
manufacture of 3-iodo-2-
propynyl n-
butylcarbamate.).
Bag house dusts and
filter/separation solids
from the production of
carbamates and carbamoyl
oximes. (This listing
does not apply to wastes
generated from the
manufacture of 3-iodo-2-
propynyl n-
butylcarbamate . ) .

Organics from the
treatment of
thiocarbamate wastes.

Purification solids
(including filtration,
evaporation, and
centrifugation solids),
bag house dust and floor
sweepings from the
production of
dithiocarbamate acids
and their salts. (This
listing does not include
K125 or K126.).

Wastewater treatment
sludges from the
production of ethylene
dichloride or vinyl
chloride monomer
(including sludges that
result from commingled
ethylene dichloride or
vinyl chloride monomer
wastewater and other
wastewater), unless the
sludges meet the
following conditions:
(i) they are disposed of
in a subtitle C or non-
hazardous landfill
licensed or permitted by
the state or federal
government; (ii) they
are not otherwise placed
on the land prior to
final disposal; and
(iii) the generator
maintains documentation
demonstrating that the
waste was either
disposed of in an on-
site landfill or
consigned to a
transporter or disposal

(T)

(T)

(R,T)

(T)
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K175.

Inorganic chemicals:
K071

K073

K106

K176,

K177.

facility that provided a
written commitment to
dispose of the waste in
an off-site landfill.
Respondents in any
action brought to
enforce the requirements
of subtitle C must, upon
a showing by the
government that the
respondent managed
wastewater treatment
sludges from the
production of vinyl
chloride monomer or
ethylene dichloride,
demonstrate that they
meet the terms of the
exclusion set forth
above. In doing so, they
must provide appropriate
documentation (e.g.,
contracts between the
generator and the
landfill owner/operator,
invoices documenting
delivery of waste to
landfill, etc.) that the
terms of the exclusion
were met.

Wastewater treatment
sludges from the
production of vinyl
chloride monomer using
mercuric chloride
catalyst in an acetylene-
based process.

Brine purification muds
from the mercury cell
process in chlorine
production, where
separately prepurified
brine is not used.
Chlorinated hydrocarbon
waste from the
purification step of the
diaphragm cell process
using graphite anodes in
chlorine production.

Wastewater treatment
sludge from the mercury
cell process in chlorine
production.
Baghouse filters from the
production of antimony
oxide, including filters
from the production of
intermediates (e.g.,
antimony metal or crude
antimony oxide).

Slag from the production
of antimony oxide that
is speculatively
accumulated or disposed,

(T)

(T)

(T)

(T)

(E)

(T)
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including slag from the
production of
intermediates (e.g.,
antimony metal or crude
antimony oxide).

K178 Residues from (T)
manufacturing and
manufacturing-site
storage of ferric
chloride from acids
formed during the
production of titanium
dioxide using the
chloride-ilmenite
process.

Pesticides:
K031 By-product salts (T)

generated in the
production of MSMA and
cacodylic acid.

K032 Wastewater treatment (T)
sludge from the
production of chlordane.

K033 Wastewater and scrub (T)
water from the
chlorination of
cyclopentadiene in the
production of chlordane.

K034 Filter solids from the (T)
filtration of
hexachlorocyclopentadien
e in the production of
chlordane.

K035 Wastewater treatment (T)
sludges generated in the
production of creosote.

K036 Still bottoms from (T)
toluene reclamation
distillation in the
production of disulfoton.

K037 Wastewater treatment (T)
sludges from the
production of disulfoton.

K038 Wastewater from the (T)
washing and stripping of
phorate production.

K039 Filter cake from the (T)
filtration of
diethylphosphorodithioic
acid in the production
of phorate.

K040 Wastewater treatment (T)
sludge from the
production of phorate.

KC41 Wastewater treatment (T)
sludge from the
production of toxaphene.

K042 Heavy ends or (T)
distillation residues
from the distillation of
tetrachlorobenzene in
the production of 2,4,5-
T.

K043 2,6-Dichlorophenol waste (T)
from the production of

-jnr\n.-\r\-) i i .nn A
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K097.

K09S.

K099 .

K123 .

K126.

K131

K132

Explosives :
K044

K045.

K046,

K047 .

Petroleum refining:
K048

2,4-D.
Vacuum stripper discharge (T)
from the chlordane
chlorinator in the
production of chlordane.

Untreated process (T)
wastewater from the
production of toxaphene.

Untreated wastewater from (T)
the production of 2,4-D.

Process wastewater (T)
(including supernates,
filtrates, and
washwaters) from the
production of
ethylenebisdithiocarbami
c acid and its salt.

Reactor vent scrubber (C, T)
water from the
production of
ethylenebisdithiocarbami
c acid and its salts.

Filtration, evaporation, (T)
and centrifugation
solids from the
production of
ethylenebisdithiocarbami
c acid and its salts.

Baghouse dust and floor (T)
sweepings in milling and
packaging operations
from the production or
formulation of
ethylenebisdithiocarbami
c acid and its salts.

Wastewater from the (C, T)
reactor and spent
sulfuric acid from the
acid dryer from the
production of methyl
bromide.

Spent absorbent and (T)
wastewater separator
solids from the
production of methyl
bromide.

Wastewater treatment (R)
sludges from the
manufacturing and
processing of explosives.
Spent carbon from the (R)
treatment of wastewater
containing explosives.

Wastewater treatment (T)
sludges from the
manufacturing,
formulation and loading
of lead-based initiating
compounds.
Pink/red water from TNT (R)
operations.

Dissolved air flotation (T)
(DAF) float from the

-7/-jrw-inn"> i i .
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K049 .

K050 .

K051

K052

K169.

K170 .

Kl 71

K172

Iron and steel
K061

K062

Primary copper:
Primary lead:
Primary zinc:
Primary aluminum:
K088

Ferroalloys:
Secondary lead:

K069

petroleum refining
industry.

Slop oil emulsion solids (T)
from the petroleum
refining industry.

Heat exchanger bundle (T)
cleaning sludge from the
petroleum refining
industry.

API separator sludge from (T)
the petroleum refining
industry.

Tank bottoms (leaded) (T)
from the petroleum
refining industry.

Crude oil storage tank (T)
sediment from petroleum
refining operations.

Clarified slurry oil tank (T)
sediment and/or in-line
filter/separation solids
from petroleum refining
operations.

Spent Hydrotreating (I,T)
catalyst from petroleum
refining operations,
including guard beds
used to desulfurize
feeds to other catalytic
reactors (this listing
does not include inert
support media).

Spent Hydrorefining (I,T)
catalyst from petroleum
refining operations,
including guard beds
used to desulfurize
feeds to other catalytic
reactors (this listing
does not include inert
support media).

Emission control dust/ (T)
sludge from the primary
production of steel in
electric furnaces.

Spent pickle liquor (C,T)
generated by steel
finishing operations of
facilities within the
iron and steel industry
(SIC Codes 331 and 332) .

Spent potliners from (T)
primary aluminum
reduction.

Emission control dust/ (T)
sludge from secondary
lead smelting. (Note:
This listing is stayed
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K100 .

Veterinary Pharmaceuticals:
K084

K101

K102.

Ink formulation:
K086

Coking:
K060.

K087.

K141 .

administratively for
sludge generated from
secondary acid scrubber
systems. The stay will
remain in effect until
further administrative
action is taken. If EPA
takes further action
effecting this stay, EPA
will publish a notice of
the action in the
Federal Register.

Waste leaching solution (T)
from acid leaching of
emission control dust/
sludge from secondary
lead smelting.

Wastewater treatment (T)
sludges generated during
the production of
veterinary
Pharmaceuticals from
arsenic or organo-
arsenic compounds.

Distillation tar residues (T)
from the distillation of
aniline-based compounds
in the production of
veterinary
Pharmaceuticals from
arsenic or organo-
arsenic compounds.

Residue from the use of (T)
activated carbon for
decolorization in the
production of veterinary
Pharmaceuticals from
arsenic or organo-
arsenic compounds.

Solvent washes and (T)
sludges, caustic washes
and sludges, or water
washes and sludges from
cleaning tubs and
equipment used in the
formulation of ink from
pigments, driers, soaps,
and stabilizers
containing chromium and
lead.

Ammonia still lime sludge (T)
from coking operations.

Decanter tank tar sludge (T)
from coking operations.

Process residues from the (T)
recovery of coal tar,
including, but not
limited to, collecting
sump residues from the
production of coke from
coal or the recovery of
coke by-products
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K142 .

K143

K145

K147.

K148.

produced from coal. This
listing does not include
K087 (decanter tank tar
sludges from coking
operations).

Tar storage tank residues (T)
from the production of
coke from coal or from
the recovery of coke by-
products produced from
coal .
Process residues from the (T)
recovery of light oil,
including, but not
limited to, those
generated in stills,
decanters, and wash oil
recovery units from the
recovery of coke by-
products produced from
coal .

Wastewater sump residues (T)
from light oil refining,
including, but not
limited to, intercepting
or contamination sump
sludges from the
recovery of coke by-
products produced from
coal.

Residues from naphthalene (T)
collection and recovery
operations from the
recovery of coke by-
products produced from
coal.

Tar storage tank residues (T)
from coal tar refining.

Residues from coal tar (T)
distillation, including
but not limited to,
still bottoms.

[46 FR 4618, Jan. 16, 1981]

Editorial Note: For FEDERAL REGISTER citations affecting §261.32, see the List of CFR Sections
Affected, which appears in the Finding Aids section of the printed volume and on GPO Access.

§261.33 Discarded commercial chemical products, off-specification species, container residues,
and spill residues thereof.

The following materials or items are hazardous wastes if and when they are discarded or intended to be
discarded as described in §261.2(a)(2)(i). when they are mixed with waste oil or used oil or other
material and applied to the land for dust suppression or road treatment, when they are otherwise applied
to the land in lieu of their original intended use or when they are contained in products that are applied
to the land in lieu of their original intended use, or when, in lieu of their original intended use, they are
produced for use as (or as a component of) a fuel, dis t r ibuted for use as a fuel, or burned as a fuel.
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Correct Procedure" found in "Test Methods lor E v a l u a t i n g Solid Waste. Physical/Chemical Methods," EPA Publicat ion SW-846, as incorporated by
reference in §260.1 1 of th is chapter. Prior to f ina l sampling and analysis method selection, the ind iv idua l should consult the specific section or method
described in SW-S46 for addi t iona l guidance on which of the approved methods should be employed for a specific sample analysis si tuation.

':>8 FR 46049. Aug. 31. 1993]

Appendix IV to Part 261 [Reserved for Radioact ive Waste Test Methods] Appendix V to Part 261 [Reserved for Infectious

Waste Treatment Specifications] Appendix VI to Part 261 [Reserved for Etiologic Agents]

Appendix VII to Part 261 — Basis Cor Listing Hazardous Waste

Hazardous constituents for which
EPA hazardous waste No. listed

F001 Tetrachloroethylene, methylene
chloride trichloroethylene, 1,1,1-
trichloroethane, carbon
tetrachloride, chlorinated
fluorocarbons.

7002 Tetrachloroethylene, methylene
chloride, trichloroethylene, 1,1,1-
trichloroethane, 1,1,2-
trichloroethane, chlorobenzene, 1,1,2-
trichloro-l,2,2-trichfluoroethane,
ortho-dichlorobenzene,
trichlorofluoromethane.

F003 N.A.
F004 Cresols and cresylic acid,

nitrobenzene.
F005 Toluene, methyl ethyl ketone, carbon

disulfide, isobutanol, pyridine, 2-
ethoxyethanol, benzene, 2-
nitropropane .

306 Cadmium, hexavalent chromium, nickel,
cyanide (complexed).

F007 Cyanide (salts) .
F008 Cyanide (salts) .
F009 Cyanide (salts) .
F010 Cyanide (salts) .
F011 Cyanide (salts) .
F012 Cyanide (complexed) .
F019 Hexavalent chromium, cyanide

(complexed).
F020 Tetra- and pentachlorodibenzo-p-

dioxins; tetra and pentachlorodi-
benzofurans; tri- and
tetrachlorophenols and their
chlorophenoxy derivative acids,
esters, ethers, amine and other
salts.

Penta- and hexachlorodibenzo-p-
dioxins; penta- and
hexachlorodibenzofurans ;
pentachlorophenol and its
derivatives.

Tetra-, penta-, and hexachlorodibenzo-
p-dioxins; tetra-, penta-, and
hexachlorodibenzofurans.

Tetra-, and pentachlorodibenzo-p-
dioxins; tetra- and
pentachlorodibenzofurans; tri- and
tetrachlorophenols and their
chlorophenoxy derivative acids,
esters, ethers, amine and other
salts.

F02-! Chloromethane, dichloromethane,
trichloromethane, carbon
tetrachloride, chloroethylene, 1,1-
dichloroethane, 1,2-dichloroethane,
trans-1-2-dichloroethylene, 1,1-
dichloroethylene, 1,1,1-
trichloroethane, 1,1,2-
trichloroethane, trichloroethylene,
1,1,1,2-tetra-chloroethane, 1,1,2,2-



F025 .

F027 .

F028 .

F032 .

F034 .

F038-.

F039.

K001 .

tetrachloroethane,
tet rachloroethylene,
pentachloroethane, hexachloroethane,
allyl chloride (3-chloropropene),
dichloropropane, dichloropropene, 2-
chloro-1,3-butadiene, hexachloro-1,3-
butadiene, hexachlorocyclopentadiene,
hexachlorocyclohexane, benzene,
chlorbenzene, dichlorobenzenes, 1,2,4-
t richlorobenzene, tet rachlorobenzene,
pentachlorobenzene,
hexachlorobenzene, toluene,
naphthalene.

Chloromethane; Dichloromethane;
Trichloromethane; Carbon
tetrachloride; Chloroethylene; 1,1-
Dichloroethane; 1,2-Dichloroethane;
trans-1,2-Dichloroethylene; 1,1-
Dichloroethylene; 1,1,1-
Trichloroethane; 1,1,2-
Trichloroethane; Trichloroethylene;
1,1,1, 2-Tetrachloroethane; 1,1,2,2-
Tetrachloroethane;
Tetrachloroethylene;
Pentachloroethane; Hexachloroethane;
Allyl chloride (3-Chloropropene);
Dichloropropane; Dichloropropene; 2-
Chloro-1,3-butadiene; Hexachloro-1,3-
butadiene; Hexachlorocyclopentadiene;
Benzene; Chlorobenzene;
Dichlorobenzene; 1,2,4-
Tr ichlorobenzene ,- Tetrachlorobenzene;
Pentachlorobenzene ;
Hexachlorobenzene; Toluene;
Naphthalene.

Tetra-, penta-, and hexachlorodibenzo-
p-dioxins; tetra-, penta-, and
hexachlorodibenzofurans.

Tetra-, penta-, and hexachlorodibenzo-
p- dioxins; tetra-, penta-, and
hexachlorodibenzofurans; tri-, tetra-
, and pentachlorophenols and their
chlorophenoxy derivative acids,
esters, ethers, amine and other
salts.

Tetra-, penta-, and hexachlorodibenzo-
p- dioxins; tetra-, penta-, and
hexachlorodibenzofurans; tri-, tetra-
, and pentachlorophenols and their
chlorophenoxy derivative acids,
esters, ethers, amine and other
salts.

Benz(a)anthracene, benzo(a)pyrene,
dibenz(a,h)-anthracene, indeno(1,2,3-
cd)pyrene, pentachlorophenol,
arsenic, chromium, tetra-, penta-,
hexa-, heptachlorodibenzo-p-dioxins,
tetra-, penta-, hexa-,
heptachlorodibenzofurans.

Benz(a)anthracene,
benzo(k)fluoranthene, benzo(a)pyrene,
dibenz(a,h)anthracene, indeno(1,2,3-
cdlpyrene, naphthalene, arsenic,
chromium.

Arsenic, chromium, lead.
Benzene, benzo(a)pyrene, chrysene,
lead, chromium.

Benzene, benzo(a)pyrene chrysene,
lead, chromium.

All constituents for which treatment
standards are specified for multi-
source leachate (wastewaters and
nonwastewaters) under 40 CFR
268.43(a), Table CCW.

Pentachlorophenol, phenol, 2-
chlorophenol, p-chloro-m-cresol, 2,4-
dimethylphenyl, 2,4-dinitrophenol,
trichlorophenols, tetrachlorophenols,
2,4-dinitrophenol, cresosote,
chrysene, naphthalene, fluoranthene,
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ber .zo(b) f luoranthene, benzo (a) pyrene ,
i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e ,
b e n z ( a ) a n t h r a c e n e ,
dibenz(a}anthracene, acenaphthalene.

K 0 0 2 Hexavalent chromium, lead
K003 Hexavalent chromium, lead.
KOO-1 Hexavalenc chromium.
K005 Hexavalent chromium, lead.
K006 Hexavalent chromium.
K007 Cyanide (complexed) , hexavalent

ch romium.
K008 Hexavalent chromium.
KOC9 Chloroform, formaldehyde, methylene

chloride, methyl chloride,
paraldehyde, formic acid.

K010 ". Chloroform, formaldehyde, methylene
chloride, methyl chloride,
paraldehyde, formic acid,
chloroacetaldehyde.

KOI 1 AeryIonit rile, acetonitrile,
hydrocyanic acid.

KOI 3 Hydrocyanic acid, acrylonitrile,
acetonitrile.

KOI 4 Acetonitrile, acrylamide.
KOI 5 Benzyl chloride, chlorobenzene,

toluene, benzotrichloride.
K016 Hexachlorobenzene,

hexachlorobutadiene, carbon
tetrachloride, hexachloroethane,
perchloroethylene.

K017 Epichlorohydrin, chloroethers
[bis(chloromethyl) ether and bis (2-
chloroethyl) ethers],
trichloropropane, dichloropropanols.

KOI 8 1,2-dichloroethane, trichloroethylene,
hexachlorobutadiene,
hexachlorobenzene.

K019 Ethylene dichloride, 1,1,1-
trichloroethane, 1,1,2-
trichloroethane, tetrachloroethanes
(1,1,2,2-tetrachloroethane and
1,1,1,2-tetrachloroethane),
trichloroethylene,
tetrachloroethylene, carbon
tetrachloride, chloroform, vinyl
chloride, vinylidene chloride.

K020 Ethylene dichloride, 1,1,1-
trichloroethane, 1,1,2-
trichloroethane, tetrachloroethanes
(1,1,2,2 -tetrachloroethane and
1,1,1,2-tetrachloroethane),
trichloroethylene,
tecrachloroethylene, carbon
tetrachloride, chloroform, vinyl
chloride, vinylidene chloride.

X021 Antimony, carbon tetrachloride,
chloroform.

X022 Phenol, tars (polycyclic aromatic
hydrocarbons).

X023 Phthalic anhydride, maleic anhydride.
X024 Phthalic anhydride, 1,4-

naphthocuinone.
1K025 Meta-dinitrobenzene, 2,4-

dinitrotoluene.
Paraldehyde, pyridines, 2-picoline.
Toluene diisocyanate, toluene-2, 4-
diamine.

K028 1,1,1-trichloroethane, vinyl chloride.
K029 1,2-dichloroethane, 1,1,1-

trichloroethane, vinyl chloride,
vinylidene chloride, chloroform.

K030 Hexachlorobenzene,
hexachlorobutadiene,
hexachloroethane, 1,1,1,2-
tetrachloroethane, 1,1,2,2-
tetrachlcroethane, ethylene
dichloride.

K031 Arsenic.
K032 Hexachlorocyclopentadiene.
K033 Hexachlorocyclopentadiene.
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K036

K037

K038

;<040

K034 ............................ Hexachlorocyclopentadiene .
K035 ............................ Creosote, chrysene, naphthalene,

fluoranthene benzo(b) f luoranthene,
benzo (a) pyrene, indeno ( 1 , 2 , 3 -cd)
pyrene, benzo (a) anthracene,
dibenzo (a) anthracene, acenaphthalene .

Toluene, phcsphorodithioic and
phosphorothioic acid esters.

Toluene, phosphorodithioic and
phosph.oroch.ioic acid esters.

Phorate, formaldehyde,
phosphorodithioic and phosphorothioic
acid esters.

X039 ............................ Phosphorodithioic and phosphorothioic
acid esters.
Phorate, formaldehyde,
phosphorodithioic and phosphorothioic
acid esters .

To.xaphene .
Hexachlorobenzene, ortho-
dichlorober.zene .

2,4 -dichlorcphenol ,
dichlorophenol , 2,
trichlorophenol .

N. A.
N. A.
Lead.
N. A.
Hexavaient chromium,
Hexavaient chromium,
Hexavaient chromium.
Hexavaient chromium,
Lead.
Cyanide, napthalene,
compounds, arsenic.

Hexavaient chromium,
Hexavaient chromium,
Lead, cadmiu~.

Do.
Do.

Hexavaient chromium,

K04 3

K044
K045
K046
K.047
K048
K049
K050
K051
K052
K060

K061
K062
K064
K065
K066
K069

2,6-
,4,6-

lead.
lead.

lead,

phenolic

lead, cadmium,
lead.

lead, cadmium.
K071 Mercury.
K073 Chloroform,

K083 .

K084 .
K085.

K086 .
K087 .

carbon tetrachloride,
hexacholroethane, trichloroethane,
tetrachloroethylene,
dichloroethylene, 1,1,2,2-
tetrachloroethane.

Aniline, diphenylamine, nitrobenzene,
phenylenediamine.

Arsenic.
Benzene, dichlorobenzenes,
trichlorobenzenes,
tetrachlorobenzenes,
pentachlorcbenzene,
hexachlorobenzene, benzyl chloride.

Lead, hexavalent chromium.
Phenol, naphthalene.

K088 Cyanide (complexes)
K090.
K091 .
K093 .
K094.
K095..

K096.

K097 .
KO 9 8 .

Chromium.
Do.

Phthalic anhydride, maleic anhydride.
Phthalic anhydride.
1,1,2-trichioroethane,
tetrachloroethane, 1,
tetrachlorcethane.

1,2-dichlorcethane, 1,
trichloroethane, 1,1,
trichloroethane.

Chlordane, heptachlor.
Toxaphene.

2,4,6-

K105 .

1,1,1,2-
,1,2,2-

,1,1-
,2-

Hexavalent chromium, lead, cadmium.
Arsenic.
Arsenic.
Aniline, nitrobenzene,
phenylenediamine.

Aniline, benzene, diphenylamine,
nitrobenzene, phenylenediamine.

Benzene, moncchlorobenzene,
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dichlorobenzenes, 2 , 4 , 6 -
trichlorophenol.

K106 Mercury.
K107 1,1- Dimethylhydraz ine ( U D M H ) .
K108 1 ,1-Dimethylhydrazine ( U D M H ) .
K109 1 ,1 -Dimethy lhydraz ine ( U D M H ) .
1(110 1, 1-Dimethylhydrazine ( U D M H ) .
K i l l 2 , 4 - D i n i t r o t o l u e n e .
K112 2 ,4 -To luened iamine , o-toluidine, p-

to lu id ine , ani l ine .
Kl 13 2 , 4 - T o l u e n e d i a m i n e , o - to lu id ine , p-

to lu id ine , an i l ine .
K114 2 , 4 - T o l u e n e d i a m i n e , o - to lu id ine , p-

toluidine.
K115 2,4-Toluenediamine.
K116 Carbon tetrachloride,

tetrachloroethylene, chloroform,
phosgene.

K117 Ethylene dibromide.
K118 Ethylene dibromide.
K123 Ethylene thiourea.
K124 Ethylene thiourea.
K125 Ethylene thiourea.
K126 Ethylene thiourea.
K131 Dimethyl sulfate, methyl bromide.
K132 Methyl bromide.
K136 Ethylene dibromide.
K14 1 Benzene, benz(a)anthracene,

benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene,
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene.

Xl<12 Benzene, benz (a) anthracene,
benzo(a)pyrene, benzo(b)fluoranthene,
benzo (k)fluoranthene,
dibenz (a,h)anthracene, indeno(1,2,3-
cd)pyrene.

K143 Benzene, benz(a)anthracene,
benzo(b)fluoranthene,
benzo (k)fluoranthene.

K144 Benzene, benz(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene,
dibenz(a,h)anthracene.

X145 Benzene, benz(a)anthracene,
benzo(a)pyrene,
dibenz(a,h)anthracene, naphthalene.

XI4 7 Benzene, benz(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene,
dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene.

Kl-18 Benz(a)anthracene, benzo ( a) pyrene ,
benzo(b)fluoranthene,
benzo(k)fluoranthene,
dibenz (a,h)anthracene, indeno(1,2,3-
cd)pyrene.

K149 Benzotrichloride, benzyl chloride,
chloroform, chloromethane,
chlorobenzene, 1,4-dichlorobenzene,
hexachlorobenzene,
pentachlorobenzene, 1,2,4,5-
tetrachlorobenzene, toluene.

K150 •. . Carbon tetrachloride, chloroform,
chloromethane, 1,4-dichlorobenzene,
hexachlorobenzene,
pentachlorobenzene, 1,2,4,5-
tetrachlorobenzene, 1,1,2,2-
tetrachloroethane,
tetrachloroethylene, 1,2,4-
trichlorobenzene.

K151 Benzene, carbon tetrachloride,
chloroform, hexachlorobenzene,
pentachlorobenzene, toluene, 1,2,4,5-
tetrachlorobenzene,
tetrachloroethylene.

K156 Benomyl, carbaryl, carbendazim,
carbofuran, carbosulfan,
formaldehyde, rnethylene chloride,
triethylamine.
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K157 .

K.15S.

K159.

K161 .

K159.
K170.

K171 .
K172 .
K174 .

K175.
K176 .
K177.
K178 Thallium.

Carbon tetrachloride, formaldehyde,
methyl chloride, methylene chloride,
pyridine, triethylamine.

Benomyl, carbendazim, carbofuran,
carbosulfan, chloroform, methylene
chloride.

Benzene, butylate, eptc, molinate,
pebulate, vernolate.

Antimony, arsenic, metam-sodium,
zi ram.

Benzene.
Benzo(a)pyrene, dibenz(a,h)anthracene,
benzo (a) anthracene, benzo
(b)fluoranthene,
benzo(k)fluoranthene, 3-
methylcholanthrene, 7, 12-
dimethylbenz(a)anthracene.

Benzene, arsenic.
Benzene, arsenic.
1,2,3,4,6,7,8-Heptachlorodibenzo-p-
dioxin (1,2, 3 , 4,6,7,8-HpCDD) ,
1,2,3,4,6,7,8-Heptachlorodibenzofuran
(1,2,3,4,6,7,8-HpCDF), 1,2,3,4,7,8,9-
Heptachlorodibenzofuran
(1,2,3,6,7,8,9-HpCDF), HxCDDs (All
Hexachlorodibenzo-p-dioxins) , HxCDFs
(All Hexachlorodibenzofurans), PeCDDs
(All Pentachlorodibenzo-p-dioxins),
OCDD (1,2,3,4,6,7,8,9-
Octachlorodibenzo-p-dioxin, OCDF
(1,2,3,4,6,7,8,9-
Octachlorodibenzofuran), PeCDFs (All
Pentachlorodibenzofurans) , TCDDs (All
tetrachlorodi-benzo-p-dioxins) , TCDFs
(All tetrachlorodibenzofurans).

Mercury
Arsenic, Lead.
Antimony.

N.A.--Waste is hazardous because it fails the test for the
characteristic of ignitability, corrosivity, or reactivity.

[46 FR 4619, Jan. 16, 1981]

Editorial Note: For FEDERAL REGISTER c i ta t ions affect ing Appendix V I I , part 261, see the List of CFR Sections Affected, which appears in the Finding
Aids section of the printed volume and on GPO Access.

Appendix VIII to Part 261 — Hazardous Constituents

Common name Chemical abstracts name
Chemical

abstracts Mo.
Haz
was

A2213 Ethanimidothioic acid, 2-

Acetonitrile
Acetophenone. /
2-Acetylaminefluarone.
Acef/1 chloride
1-Acetyl-2-thiourea...
Acrolein
Acrylamide
Acrylonitrile
Aflatoxins
Aldicarb

Aldicarb sulfone..

(dimethylamino) -N-hydroxy-2-oxo-,
methyl ester.
Same
Ethanone, 1-phenyl-
Acetamide, N-9H-fluoren-2-yl-
Same
Acetamide, N-(aminothioxomethyl)-..
2 -Propenal
2 -Propenamide
2-Propenenitrile
Same
Propanal, 2-methyl-2-(methylthio)-,
O-[(methylamino)carbonyl]oxime.
Propanal, 2-methyl-2-
(methylsulfonyl) -, O-
[ (methylamino) carbonyl] oxime.

1,4,5,8-Dimethanonaphthalene,
1,2,3,4,10,10-10-hexachloro-
1,4,4a,5,8,8a-hexahydro-,
(lalpha,4 alpha,4 abeta,Salpha,Balph

30558-43-1

75-05-8
98-86-2
53-96-3
75-36-5

591-08-2
107-02-8
79-06-1

107-13-1
1402-68-2
116-06-3

1646-88-4

309-00-2
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Llectronic Code of Federal Regula t ions

T.M

THIS DATA CURRENT AS OF THE FEDERAL REGISTER DATED JULY 26, 2002

40CFR
Protection of Environment

CHAPTER I
ENVIRONMENTAL PROTECTION AGENCY (CONTINUED)

SUBCHAPTER R -- TOXIC SUBSTANCES CONTROL ACT

PART 766 -- DIBENZO-PARA-DIOXINS/DIBENZOFURANS

Subpart A -- General Provisions

Sec.
766.1 Scope and purpose.
766.2 Appl icabi l i ty and duration of this part.
766.3 Definit ions.
766.5 Compliance.
766.7 Submission of information.
766.10 Test standards.
766.1 2 Testing guidelines.
766.14 Contents of protocols.
766.16 Developing the analytical test method.
766.18 Method sensitivity.

Subpart B — Specific Chemical Testing/Reporting Requirements

766.20 Who must test.
766.25 Chemical substances for testing.
766.27 Congeners and LOQs for which quant i ta t ion is required.
766 28 Expert review of protocols.
766.32 Exclusions and waivers.
766.35 Reporting requirements.
766.38 Reporting on precursor chemical substances.

Author i ty : 15 U.S.C. 2603 and 2607.

Source: 52 FR 21437, June 5, 1987, unless otherwise noted.

Subpart A -- General Provisions
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[TOPI
§766.1 Scope and purpose.

(a) This part identif ies requirements for testing under section 4 of the Toxic Substances Control Act
(TSCA), 15 U.S.C. 2603, to ascertain whether certain specified chemical substances may be
contaminated wi th halogenated dibcnzodioxins (FIDDs)/dibenzofurans (FIDFs) as defined in §766.3, and
requirements for report ing under section 8 of TSCA, 15 U.S.C. 2607.

(b) Section 766.35(b) requires manufacturers and processors of chemical substances identified in
§766.25 to submit to EPA:

(1) Any exist ing test data showing analysis of the chemical substances for concentrations of
HDDs/HDFs, applicable protocols, and the results of the analysis for HDDs/HDFs, (2) allegations of
signif icant adverse reactions to HDDs/HDFs, compiled in accordance with part 717 of this chapter, and
(3) health and safety studies on the HDDs/HDFs, in accordance with applicable provisions of part 716
of this chapter.

(c) Section 766.35(a) requires manufacturers and, under certain circumstances, processors of chemical
substances identified in §766.25 to submit letters of intent to test and protocols for the analysis of the
chemical substances for the presence of HDDs/HDFs. Section 766.20 requires these manufacturers and
processors to test their chemical substances for the presence of HDDs/HDFs. Any submissions must be
in accordance with the EPA Procedures Governing Testing Consent Agreements and Test Rules
contained in part 790 of this chapter and any modifications to such procedures contained in this part.

(d) Section 766.32 specifies conditions under which persons required to test may request an exclusion or
waiver from testing.

(e) Deadlines for submission to EPA of protocols, reports, studies, and test results are specified in part
790, subpart C and §766.35.

(f) Sections 766.10, 766.12, 766.14, 766.16, and 766.18 prescribe analytical methods required; §766.27
prescribes target levels of quanti tat ion (LOQ) for each congener for which quantitation is required.

(g) If results of existing tests or tests performed under this part indicate the presence of HDDs/HDFs in
the identified chemical substance above the LOQ specified in §766.27, §766.35(c) requires the
following additional reporting on the specified chemicals: production, process, use, exposure and
disposal data under section 8(a) of TSCA; health and safety studies under section 8(d) of TSCA; and
reports of allegations of significant adverse reactions under section 8(c) of TSCA. In some cases,
additional reporting may be required of manufacturers reporting no contamination of the identified
chemical substances under §766.35(c)(2).

(h) Section 766.38 requires manufacturers of chemical substances produced from chemical substances
identified as possible precursors to F1DD/HDF formation, to report on chemical substances produced
from such precursors.

Applicability and duration of this part.

i i .in A \A
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(a) Chemical substances subject to testing. (1) This part is applicable to each person who, at any time
dur ing the durat ion of th is part, manufactures (and/or imports), or processes, a chemical substance
ident i f ied under §766.25.

(2) The dura t ion of this part for any testing requirement for any chemical substance is the period
commencing with the effective date of this part to the end of the reimbursement period, as defined in
§766.3, for each chemical substance. All reporting requirements for any chemical substance listed under
§766.25 shal l be in effect for the same period as the testing requirement.

(b) Precursor chemical substances. (1) This part is applicable to each person who manufactures (and/or
imports) a chemical substance from any precursor chemical substance identified in §766.38.

(2) The requirement for precursor reporting under §766.38 shall be in effect unti l three years after the
effective date of this part.

(3) Smal l manufacturers are exempt from reporting process and reaction condit ion data on chemical
substances made from precursor chemical substances listed under §766.38.

[TOPI
§766.3 Definitions.

The def in i t ions in section 3 of TSCA and the definitions of §§704.3, 716.3, 717.3, and 790.3 of this
chapter also apply to this part.

Congener means any one particular member of a class of chemical substances. A specific congener is
denoted by unique chemical structure, for example 2,3,7,8-tetrachlorodibenzofuran.

Dibenzofuran means any of a family of compounds which has as a nucleus a triple-ring structure
consisting of two benzene rings connected through a pair of bridges between the benzene rings. The
bridges are a carbon-carbon bridge and a carbon-oxygen-carbon bridge at both substitution positions.

Dibenzo-p-dioxin or dioxin means any of a family of compounds which has as a nucleus a triple-ring
structure consisting of two benzene rings connected through a pair of oxygen atoms.

Guidelines means the Midwest Research Institute (MRI) publication Guidelines for the Determination
of Polyhalogenated Dioxins and Dibenzofurans in Commercial Products, EPA contract No. 68-02-3938;
MRI Project No. 8201-A(41), 1985.

HDD or 2,3,7,8-HDD means any of the dibenzo-p-dioxins totally chlorinated or totally brominated at
the following positions on the molecular structure: 2,3,7,8; 1,2,3,7,8; 1,2,3,4,7,8; 1,2,3,6,7,8; 1,2,3,7,8,9;
and 1,2,3,4,7,8,9.

HDF or 2,3,7,8-HDF means any of the dibenzofurans totally chlorinated or totally brominated at the
following positions on the molecular structure: 2,3,7,8; 1,2,3,7,8; 2,3,4,7,8; 1,2,3,4,7,8; 1,2,3,6,7,8;
1,2,3,7,8,9; 2,3,4,6,7,8; 1,2,3,4,6,7,8; and 1,2,3,4,7,8,9.

Homolog means a group of isomers that have the same degree of halogenation. For example, the
homologous class of tetrachlorodibenzo-p-dioxins consists of all dibenzo-p-dioxins containing four
chlorine atoms. When the homologous classes discussed in this part are referred to, the following
abbreviations for the prefix denoting the number of halogens are used:
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leira-. T (4 atoms)

penta- . PC (5 atoms)

hc.xa-. l lx (6 atoms)

hepta-. Hp (7 atoms)

HRGC means high resolut ion gas chromatography.

HRMS means high resolution mass spectrometry.

Level of qiianiitation or LOO means the lowest concentration at which HDDs/HDFs can be reproducibly
measured in a specific chemical substance within specified confidence limits, as described in this part.

Polybrominated dibenzofurans refers to any member of a class of dibenzofurans with two to eight
bromine subst i tuents .

Polybrominated dibenzo-p-dioxin or PBDD means to any member of a class of dibenzo-p-dioxins with
two to eight bromine substituents.

Polychlorinated dibenzofuran means any member of a class of dibenzofurans with two to eight chlorine
substituents.

Polychlorinaied dibenzo-p-dioxin or PCDD means any member of a class of dibenzo-p-dioxins with two
to eight chlorine substituents.

Polyhalogenated dibenzofuran or PHDF means any member of a class of dibenzofurans containing two
to eight chlorine, bromine, or a combination of chlorine and bromine substituents.

Polyhalogenated dibenzo-p-dioxin or PHDD means any member of a class of dibenzo-p-dioxins
containing two to eight chlorine substituents or two to eight bromine substituents.

Positive test result means: (1) Any resolvable gas chromatographic peak for any 2,3,7,8-HDD or HDF
which exceeds the LOQ listed under §766.27 for that congener, or (2) exceeds LOQs approved by EPA
under §766.28.

Precursor means a chemical substance which is not contaminated due to the process conditions under
which it is manufactured, but because of its molecular structure, and under favorable process conditions,
it may cause or aid the formation of HDDs/HDFs in other chemicals in which it is used as a feedstock or
intermediate.

QA means quality assurance.

OC means quali ty control.

Reimbursement period means the period that begins when the data from the last test to be completed
under this part for a specific chemical substance listed in §766.25 is submitted to EPA, and ends after an
amount of time equal to that which had been required to develop that data or 5 years, whichever is later

TSCA means the Toxic Substances Control Act, 15 U.S.C. 2601 et seq.

A nf i <; 7/inmvn i i -10 A M
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[TOP]
§766.5 Compliance.

Any person who fails or refuses to comply with any aspect of this part is in violation of section 15 of
TSCA. Section 15(1) makes it un lawfu l for any person to fail or refuse to comply with any rule or order
issued under section 4. Section 15(3) makes it unlawful for any person to fail or refuse to submit
in format ion required under this part. Section 16 provides that a violation of section 15 renders a person
l iable to the United States for a c i v i l penalty and possible criminal prosecution. Under section 17 of
TSCA, the dis t r ic t courts of the United States have jur isdic t ion to restrain any violation of section 15.

FTP PI
§766.7 Submission of information.

All information ( including letters of intent, protocols, data, forms, studies, and allegations) submitted to
EPA under this part must bear the applicable Code of Federal Regulations (CFR) section number (e.g..
§766.20) and must be addressed to: Document Control Office, (7407), Information Management
Division, Office of Polution Prevention and Toxics, Environmental Protection Agency, 1200
Pennsylvania Ave., NW., Washington, DC 20460, ATTN: Dioxin/Furan Report.

[52 FR 21437, June 5, 1987, as amended at 60 FR 3 1922, June 19, 1995]

OOP]
§766.10 Test standards.

Testing required under subpart B of this part must be performed using the protocols submitted to and
reviewed by the EPA expert panel established under §766.28. All new data, documentation, records,
protocols, specimens, and reports generated as a result of testing under subpart B of this part must be
fully developed and retained in accordance with part 792 of this chapter. These items must be made
available during an inspection or submitted to EPA upon request by EPA or its authorized
representative. Laboratories conducting testing for submission to EPA in response to a test rule
promulgated under section 4 of TSCA must adhere to the TSCA Good Laboratory Practices (GLPs)
published in part 792 of this chapter. Sponsors must notify the laboratory that the testing is being
conducted pursuant to TSCA section 4. Sponsors are also responsible for ensuring that laboratories
conducting the testing abide by the TSCA GLP standards. At the time test data are submitted,
manufacturers must submit a certification to EPA that the laboratory performing the testing adhered to
the TSCA GLPs.

[TOPI
§766.12 Testing guidelines.

Analyt ical test methods must be developed using methods equivalent to those described or reviewed in
Guidelines for the Determination of Polyhalogenated Dibenzo-p-dioxins and Dibenzofurans in
Commercial Products. Copies are available from the Director, Environmental Assistance Division
(7408), Office of Pollution Prevention and Toxics, U.S.Environmental Protection Agency, Room
E-543B, 1200 Pennsylvania Ave., NW., Washington, DC 20460, Telephone: (202) 554-1404, TDD:
(202) 544-0551. Copies are also located in the publ ic docket for this part (Docket No. OPPTS-83002)
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and are avai lable for inspection in the Non-Confidential Information Center (NCIC) (7407), Office of
Po l lu t ion Prevention and Toxics, U.S. Environmental Protection Agency, Room B-607 NEM, 401 M
St., SW., Washington, DC 20460, between the hours of 12 p.m. and 4 p.m. weekdays excluding legal
holidays.

[60 FR 34466, J u l y 3. 1995]

.[TOP]
§766.14 Contents of protocols.

Protocols should include all parts of the Quality Assurance Plan for Measurement of Brominated or
Chlorinated Dibenzofurans and Dibenzodioxins, as stated in the Guidelines. For each chemical
substance and each process, the manufacturer must submit a statement of how many grades of the
chemical substance it produces, a jus t i f ica t ion for selection of the specific grade of chemical substance
for testing, specific plans for collection of samples from the process stream, naming the point of
collection, the method of collecting the sample, and an estimate of how well the samples will represent
the material to be characterized; a description of how control samples (blanks) and
HDD/HDF-reinforced control samples, or isotopically labeled compounds (standards) and duplicate
samples wil l be handled; a description of the chemical extraction and clean up procedures to be used;
how extraction efficiency and measurement efficiency will be established; and a description of
instrument hardware and operating conditions, including type and source of columns, carrier gas and
flow rate, operating temperature range, and ion source temperature.

[TOP]
§766.16 Developing the analytical test method.

Because of the matrix differences of the chemicals listed for testing, no one method for sample
selection, preparation, extraction and clean up is prescribed. For analysis, High Resolution Gas
Chromatography (HRGC) with High Resolution Mass Spectrometry (HRMS) is the method of choice,
but other methods may be used if they can be demonstrated to reach the target LOQs as well as
HRGC/HRMS.

(a) Sample selection. The chemical product to be tested should be sampled so that the specimens
collected for analysis are representative of the whole. Additional guidance for sample selection is
provided under §766.12.

(b) Sample preparation. The sample must be mechanically homogenized and subsampled as necessary.
Subsamples must be spiked or reinforced with surrogate compounds or with standard stock solutions,
and the surrogates or standards must be thoroughly incorporated by mechanical agitation. Additional
guidance is provided under §766.12.

(c) Sample extraction and cleanup. The spiked samples must be treated to separate the HDDs/HDFs
from the sample matrix. Methods are reviewed in the Guidelines under §766.12, but the final method or
methods are left to the discretion of the analyst, provided the instrumental response of the surrogates
meets the criteria listed in the Quality Assurance Plan for Measurement of Brominated or Chlorinated
Dibenzofurans and Dibenzodioxins, Appendixes B and C of the Guidelines. Cleanup techniques are
described in the Guidelines. These are chosen at the discretion of the analyst to meet the requirements of
the chemical matrix.
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(d) Analysis. The method of choice is High Resolution Gas Chromatographic/High Resolution Mass
Spectrometric Determination, (HRGC/HRMS) but alternate methods may be used if the manufacturer
can demonstrate tha t the method wi l l reach the target LOQs as well as HRGC/HRMS. Specific
opera t ing requirements are found in the Guidelines.

[TOPI
§766.18 Method sensit ivity.

The target level of quan t i t a t i on required under §766.27 for each HDD/HDF congener is the level which
must be attempted for each resolved HRGC peak for that congener. For at least one product sample, at
least two analyses of the same isotopically labeled HDD/HDF internal calibration standards spiked to a
final product concentration equal to the LOQ for that congener must be reproducibly extracted, cleaned
up. and quant i f ied to wi th in ±20 percent of each other. For each spiked product sample, the signal to
noise ratio for the ca l ib ra t ion standard peaks after complete extraction and cleanup must be 10:1 or
greater. The recovery of the in ternal ca l ibra t ion standards in the extracted and cleaned up product
samples must be wi th in 50 to 150 percent of the amount spiked, and the results must be corrected for
recovery.

Subpart B ~ Specific Chemical Testing/Reporting Requirements

[TOPI
§766.20 Who must test.

(a) Any person who manufactures, imports, or processes a chemical substance listed in §766.25 must
test that chemical substance and must submit appropriate information to EPA according to the schedules
described in §766.35. Chemical substances manufactured, imported or processed between January 1,
1984 and the date of promulgation of this part are subject to testing upon the effective date of this part.
All other chemical substances are subject to testing immediately upon manufacture, import or
processing. EPA expects that only manufacturers and importers will perform testing, and that the cost of
testing will be passed on to processors through the pricing mechanism, thereby enabling them to share in
the cost of testing. However, processors wil l be called upon to sponsor testing should manufacturers and
importers fail to do so. A processor may apply for an exemption from testing upon certification to EPA
that a manufacturer or importer is testing the chemical substance which that person processes.

(b) If no manufacturer or importer described in §766.20 submits a letter of intent to perform testing
wi th in the period described under §766.35(a), or an exemption application under §790.45(a), or a
request for an exclusion or waiver under §766.32, EPA wil l issue a notice in the FEDERAL REGISTER
to notify all processors of that chemical substance. The notice will state that EPA has not received any
of the documents described in the previous sentence, and that current processors will have 30 days to
submit either a letter of intent to perform the test or submit an exemption application.

(c) If no manufacturer, importer or processor submits a letter of intent to perform testing of a specific
chemical substance produced by a specific process, EPA will notify all manufacturers, importers, and
processors, either by notice in the FEDERAL REGISTER or by letter, that all exemption applications
wi l l be denied and that wi th in 30 days all manufacturers, importers, and processors will be in violation
of this part u n t i l a proposed study plan is submitted for required testing.

(d) Manufacturers , importers, and processors who are subject to this part must comply with the test rule
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development and exemption procedures in part 790 of this chapter, except as modified in this part.

§766.25 Chemical substances for testing.

(a) Listing of chemical substances. Chemical substances required to be tested for HDDs/HDFs under
th is ru le are l isted in th i s section. The l i s t ing is by Chemical Abstracts Service (CAS) Number and
common name.

Note: For putposes of guidance only. EPA l is ts the chemical substances subject to testing under this part in two classes —
those known to be manufactured or imported between January 1, 1984, and promulgation of this part, and those not known to
be manufactured or imported at the t ime of promulgation of this part.

(1) Chemicals substances known to be manufactured between January 1, 1984 and date of promulgation
of this part.

CAS No. Chemical name

79-94-7 Tetrabromobisphenol-A.
118-75-2 2,3,5-, 6 -Tetrachloro-2 , 5-cyclohexadiene-1, 4-dione .
118-79-6 2,4,6-Tribromophenol.
120-83-2 2,4-Dichlorophenol.

1163-19-5 Decabromodiphenyloxide.
4162-45-2 Tetrabromobisphenol-A-bisethoxylate.

21850-44-2 Tetrabromobisphenol-A-bis-2,3-dibromopropyl ether.
25327-89-3 Ally! ether of tetrabromobisphenol-A.
32534-81-9 Pentabromodiphenyloxide.
32536-52-0 Octabromodiphenyloxide.
37853-59-1 1,2-Bis(tribromophenoxy)-ethane.
55205-38-4 Tetrabromobisphenol-A diacrylate.

(2) Chemicals not known to be manufactured between January' 1, 1984 and the date of promulgation of
this part.

CAS No. Chemical name

79-95-8 Tetrachlorobisphenol-A.
87-10-5 3,4',5-Tribromosalicylanilide.
87-65-0 2,6-Dichlorophenol .
95-77-2 3,4-Dichlorophenol .
95-95-4 2,4,5-Trichlorophenol.
99-28-5 2,6-Dibromo-4-nitrophenol.

120-36-5 2 [2,4-(Dichlorophenoxy)]-propionic acid.
320-72-9 3,5-Dichlorosalicyclic acid.
488-47-1 Tetrabromocatechol.
576-24-9 2,3-Dichlorophenol.
583-78-8 2,5-Dichlorophenol.
608-71-9 Pentabromophenol.
615-58-7 2,4-Dibromophenol.
933-75-5 2,3,6-Trichlorophenol.

1940-42-7 4-Bromo-2,5-dichlorophenol.
2577-72-2 3,5-Dibromosalicylanilide.
3772-94-9 Pentachlorophenyl laurate.

n /"W-inA-v i 1 .')H A \ .1
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37853-61-5 Bismethylether of tetrabromobisphenol-A.
Alkylamine tetrachlorophenate.
Tetrabromobisphenol-B.

(b) Grade to be tested. If the same process is used to manufacture all grades of the same chemical
substance, only one grade need be tested. The grade to be tested must be the grade subject to the most
intense heat and a l k a l i n i t y for the longest duration of time, manufactured under each different process. If
the heat, a lka l in i ty and duration of reaction do not dif fer for various grades, the test substance must be
the grade of chemical substance wi th the highest volume of sales.

fTOPI
§766.27 Congeners and LOQs for which quanti tat ion is required.

Quan t i t a t ion at the target LOQ shown for each of the following HDDs/HDFs which may be present in
the chemical substances is required for the chemical substances listed under §766.25. Analysis must take
place for either chlorinated or brominated dibenzodioxins or dibenzofurans, whichever is predominantly
expected to occur in the chemical substance to be tested. Only chlorinated and brominated congeners
need be quantified; for chemical substances containing predominantly chlorine atoms, only congeners
totally chlorinated at the numbered positions need be quantified; for chemical substances containing
predominantly bromine atoms, only congeners totally brominated at the numbered positions need be
quantified.

Chlorinated dioxins Brominated dioxins LOQ

2,3,
1,2,
1,2,
1,2,
1,2,
1,2,
2,3,
1,2,
2,3,
1,2,
1,2,
1,2,
2,3,
1,2,
1,2,

7
3
T

3
T

3

, 8-TCDD
,7,
, 4 ,
,6,
7

, 4,

8-
7 .
7,
8
6,

PeCDD
8-HxCDD
8-HxCDD
9-HxCDD
7, 8-HpCDD

7, 8-TCDF
3
4
3
3
3
4
3

3

, 7,
, 7,
, 4 ,
, 6 ,
,7,
, 6,
, 4 ,
,4,

8-
8-
7,
7,
8,
7,
6,
7,

PeCDF
PeCDF
8-HxCDF
8-HxCDF
9-HxCDF
8-HxCDF
7, 8-HpCDF
8, 9-HpCDF

2,

1,
1,

1,
1 ,
1,
2,
1,
2,

1,
1 ,
1,
2 ,
1
1,

3,
2,
2,
2,
9

2,
3,
2,
3 ,

2,
2,
2,
3,
2,
2,

7,
3 ,
3,
3,

3̂,
7,
3 ,
4 ,
3,
3,
3,
4,
3,
3,

8-TBDD

7,
4,
6,
7
4 ,

8-
7,
7,
8
6,

PeBDD
8-HxBDD. . .
8-HxBDD. . .
9-HxBDD. .
7, 8-HpBDD.

8-TBDF
7,
7,
4,
6,
7,
6,
4 ,
4,

8-
8-
7,
7,
8,
7,
6,
7,

PeBDF
PeBDF
8-HxBDF. . .
8-HxBDF. . .
9-HxBDF. . .
8-HxBDF. . .
7, 8-HpBDF.
8, 9-HpBDF.

0 . 1 ppb .
0 . 5 ppb .
2 . 5 ppb .
2 . 5 ppb .
2 5 ppb
100 ppb.
1 ppb.
5 ppb.
5 ppb.
25 ppb.
25 ppb.
25 ppb.
25 ppb.
1 ppm.
1 ppm.

[TOPI
§766.28 Expert review of protocols.

EPA will gather a panel of experts in analysis of chemical matrices for HDDs/HDFs to review the
protocols for testing submitted to EPA. The panel members wil l be employees of EPA and/or of other
U.S. Government agencies who have had experience in analysis of chemical matrices and/or chemical
wastes for HDDs/HDFs. The panel will recommend to the Director, EPA Office of Pollution Prevention
and Toxics, whether the protocol submitted is l ikely to allow analysis down to the target LOQs, or if
not, whether the protocol represents a good faith effort on the part of the tester to achieve the lowest
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possible LOQs. The final determination to accept or reject the protocol wi l l be made by the Director,
Office of Pol lu t ion Prevention and Toxics. EPA will review the submitted protocols as rapidly as
possible and w i l l complete the review within 90 days after receipt. EPA may require submission of
revised protocols. Comments and recommendations wil l be transmitted to the submitter, and if revisions
are required, a final protocol must be submitted to EPA wi th in 90 days after EPA transmits such
recommendations.

§766.32 Exclusions and waivers.

(a) Reasons for exclusions and waivers. Any person subject to the testing requirements of this part may
request an exclusion or waiver from testing for any one of the following reasons:

(1) Exclusions may be granted if. (i) Testing of the appropriate grade of the chemical substance has
already been carried out, either analyt ical testing at the lowest LOQ possible, with appropriate QA/QC,
or a well-designed bioassay with appropriate QA/QC or;

(ii) Process and reaction conditions of the chemical substance such that no HDDs/HDFs could be
produced under those conditions;

(2) Waivers may be granted if. (i) A responsible company official certifies that the chemical substance is
produced only in quantities of 100 kilograms or less per year, only for research and development
purposes; or

(ii) In the judgement of EPA, the cost of testing would drive the chemical substance off the market, or
prevent resumption of manufacture or import of the chemical substance, if it is not currently
manufactured, and the chemical substance wi l l be produced so that no unreasonable risk will occur due
to its manufacture, import, processing, distribution, use, or disposal. (In this case, the manufacturer must
submit: to EPA all data supporting the determination.)

(ii i) Waivers may be appropriately conditioned with respect to such factors as time and conditions of
manufacture or use. The grade of decabromodiphenyl oxide produced by Dow Chemical Company
(Dow) for the National Toxicology Program (NTP) bioassay on that chemical is excluded from the
testing requirement under this part. Provided, however, that this exclusion will not apply if Dow fails to
supply to EPA wi th in 60 days of the effective date of this section evidence showing which grade was
used for the NTP bioassay.

(b) Timing. Exclusion or waiver requests and detailed supporting data must be submitted to EPA within
60 days from the effective date of this part for persons manufacturing, importing or processing a
chemical substance as of the date of promulgation, or 60 days prior to the date of resumption of
manufacture or import for a chemical substance produced by a specific process if the chemical substance
is not manufactured, imported or processed as of the date of promulgation.

(c) Publication. Within 10 days of receipt of any exclusion or waiver request, EPA will issue in the
FEDERAL REGISTER a notice of such receipt. EPA will also issue a notice of its decision on each
exclusion or waiver request within 60 days of receipt.

(d) Decision. The EPA Director of the Office of Pollution Prevention and Toxics will make the decision
to grant or deny waivers or exclusions.
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JTQPJ
§766.35 Reporting requirements.

(a) Letters of intent, exemption applications, and protocols — (1) Letters of Intent, (i) Persons who have
manufactured or imported chemical substances listed under §766.25 between January 1, 1984, and the
effec t ive date of this part are required to submit under §790.45 of this chapter a letter of intent to test or
an exemption appl icat ion. These letters must be submitted no later than September 3, 1987.

( i i ) Persons who commence manufacture, import or processing of a chemical substance listed under
§766.25 that has not been manufactured, imported or processed between January 1, 1984 and the
effective date of this part must submit under §790.45 of this chapter, wi th in 60 days after the
commencement of manufacture, import, or processing of the chemical substance, a letter of intent to test
or an exemption application.

( i i i ) Persons who commence manufacture, import or processing of a chemical substance listed under
§766.25 between the effective date of this part and the end of the reimbursement period for that
particular chemical substance produced by a specific process must submit under §790.45 of this chapter,
within 60 days after the commencement of manufacture, import or processing of the chemical substance,
a letter of intent to test or an exemption application.

(2) Protocols, (i) Each person who is manufacturing or processing a chemical substance listed in
§766.25 as of the effective date of this part who submits a notice of intent to test under §766.35(a)(l)
must submit a protocol for the test as follows:

(A) The protocols for each chlorinated chemical substance produced by each process to be tested must
be submitted to EPA no later than 12 months after the effective date of this part.

(B) The protocol for each brominated chemical substance produced by each process to be tested must be
submitted to EPA no later than 24 months after the effective date of this part except for the following
chemicals.

(7) The deadline for submitting the protocols for tetrabromobisphenol-A (CAS No. 79-94-7); 2,4,6
tribromophenol (CAS. No. 118-79-6); decabromodiphenyloxide (CAS No. 1163-19-5); and
l,2-bis(tribromophenoxy)-ethane (CAS No. 37853-59-1) is January 31, 1991.

(2) The deadline for submitting protocols for octabromodiphenyloxide (CAS No. 32536-52-0) and ally]
ether of tetrabromobisphenol-A (CAS No. 25327-89-3) is January 31,1991.

(J) The deadline for submitting protocols for pentabromodiphenyloxide (CAS No. 32534-81-9) is
February 6, 1995. The deadline for submitting tetrabromobisphenol-A-bisethoxylate (CAS No.
4126-45-2) is January 31, 1991.

(4) The deadline for submitting protocols for 3,4',5-tribromosalicylanilide (CAS No. 87-10-5) is
Septembers, 1990.

( i i ) For chemical substances produced by a specific process not manufactured or processed as of the
effective date of this part, a person who begins manufacture and submits a notice of intent to test must
submit protocols for the test as follows:

(A) Except as noted for the submitter and substance specified in the following table, protocols for
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testing must be submitted 12 months after manufacture or importation begins for chlorinated chemical
substances.

CAS No. Submitter Chemical

118-75-2 Rhone- Poulenc 2,3,5,6-tetrachloro-2, 5 -cyclohexanierie
1,4-dione.

(B) Protocols for testing must be submitted 24 months after manufacture begins for brominated
chemical substances.

( i i i ) For persons who have been granted exemptions, waivers or exclusions from testing, protocols must
be submitted 12 months after expiration of the exemption, waiver or exclusion for chlorinated chemical
substances, and 24 months after expiration of the exemption, waiver or exclusion for brominated
chemical substances.

(b) Information that must be submitted to EPA. (1) Persons who manufacture or import a chemical
substance listed under §766.25 must report no later than October 5, 1987 or 90 days after the person first
manufactures or imports the chemical substance, whichever is later, the results of all existing test data
which show that chemical substance has been tested for the presence of HDDs/HDFs.

(2) Any manufacturer or importer of a chemical substance listed in §766.25 in possession of
unpublished health and safety studies on HDDs/HDFs is required to submit copies of such studies to
EPA no later than October 5, 1987 or 90 days after the person first manufactures or imports the chemical
substance, whichever is later. The following provisions of part 716 of this chapter apply to submission
of these studies: §§716.3, 716.10(a) (1) and (4); 716.20(a) (1), (2), (3), (4), (7), (8) and (10); 716.25;
716.30; 716.35(a) (1), (2), and (4) [if applicable]; 716.35 (b) and (c); 716.40 (a) and (b); 716.50; 716.55;
and716.60(a)(2).

(3) No later than October 5, 1987 or 90 days after the person first manufactures or imports the substance
listed in §766.25, any manufacturer or importer of a chemical substance listed in §766.25 must submit
records required to be held under part 717 of this chapter on any HDDs/HDFs.

(4) Test results, (i) Test results must be submitted to EPA not later than 270 days after EPA's
transmission of comments or 180 days after a final protocol is submitted to EPA, whichever is shorter,
except as noted for the submitters and substances specified in the following table:

CAS No. • Submitter Chemical Due Da

79-94-7 Great Lakes Tetrabromobisphenol-A May 26, 1992

1 1 1 1 7 Ethyl Tetrabromobisphenol-A August 10, 199
9-94-7

79-94-7 Ameribrom Tetrabromobisphenol-A April 15, 1994

87-10-5 Pfister 3,4 ' , 5-tribromosalicylanilide 45 days after
approval
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118-75-2 Rhone-Poulenc Inc.

118-79-6 Great Lakes

1163-19-5 Ameribrom

2,3,5, 6-tetrachloro-2,5-
cyclohexadiene-1,4-dione

2,4,6-Tribromophenol

Decabromodiphenyloxide

July 5, 1996

May 26, 1992

April 15, 1994

1163-19-5 Ethyl

1163-19-5 Great Lakes

4162-45-2 Great Lakes

25327-89-3 Great Lakes

32534-81-9 Great Lakes

32534-81-9 Akzo Chemicals
Inc.

32534-81-9 Ameribrom

Decabromodiphenyloxide

Decabromodiphenyloxide

Tetrabromobisphenol-A-
bisethoxylate

Allyl Ether of
Tetrabromobisphenol-A

Pentabromodiphenyloxide

Pentabromodiphenyloxide

Pentabromodiphenyloxide

May 26, 1992

May 26, 1992

June 2, 1993

August 10, IS 9

March 22, 199

February 6, 19

March 22, 199

32536-52-0 Ameribrom Octabromodiphenyloxide January 8, 199

3 2 5 3 6 - 5 2 - 0 Ethyl

32536-52-0 Great Lakes

37853-59-1 Great Lakes

Octabromodiphenyloxide May 15, 1994

Octabromodiphenyloxide May 26, 1992

1, 2-bis( tr ibromophenoxy)ethane January 24, 19

(ii) For purposes of reporting test results to EPA, and for further reporting triggered by a positive test
result under §766.35(c), a positive test result is defined at §766.3.

(iii) Reporting of test results must follow procedures set out in part 790 of this chapter, except as
modified in this part.

(c) Information required to be submitted to EPA after submission of a positive test result. (1) Any
person who submits a positive test result for a specific chemical substance listed under §766.25 must
submit to EPA no later than 90 days after the date of submission of the positive test result the following:

(i) A completed form (EPA 7710-51) for that chemical substance. The form and instructions are
available from the Environmental Assistance Division (7408), Office of Pollution Prevention and
Toxics, Environmental Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460. One
form must be submitted for each chemical substance for which a positive test result has been submitted.

(ii) Health and safety studies for the chemical substance for which a positive test result has been
reported. The following provisions of part 716 of this chapter apply to submission of these studies:
§§716.3; 716.10 (a) (1), (2), (3) and (4); 716.20; 716.25; 716.30; 716.35(a) (1), (2), and (4), [if
applicable]; 716.35 (b) and (c); 716.40 (a) and (b); 716.50; 716.55; 716.60(a)(2).
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( i i i ) Copies of records on the chemical substances required to be held under part 717 of this chapter.

(2) If a positive test result on a chemical substance is received from one person but not from others, EPA
may issue a notice in the FEDERAL REGISTER listing that chemical substance and requiring any
person manufactur ing, importing or processing that chemical substance who has not submitted a positive
test result to submit the information required in Part II of EPA Form 7710-51. Such a notice will be
publ ished only if EPA needs addi t ional process data to make a determination of unreasonable risk.

(d)-(e) [Reserved]

(t) Effective date. (1) The effective date of this final rule is Ju ly 6, 1987, except for paragraphs
(a)(2)(i)(B) introductory text, (a)(2)(i)(B)(/), (a)(2)(i)(B)(2), (a)(2)(i)(B)(J), (a)(2)(i)(B)(4), the table in
paragraph (a)(2)(ii)(A), and the table in paragraph (b)(4)(i) of this section.

(2) The effective date for paragraph (a)(2)(i)(B) introductory text, (a)(2)(i)(B)(7), (a)(2)(i)(B)(2), and
(a)(2)(i)(B)(0, is May 21, 1991. The effective date of paragraphs (a)(2)(i)(B)(3), and the table in
paragraph (a)(2)(ii)(A) is September 29, 1995. The effective date of paragraph (b)(4)(i) introductory text
is May 28, 1993, and the effective date of the entries in the table in paragraph (b)(4)(i) is shown in the
effective dates column of the table.

(3) The guidelines and other test methods cited in this rule are referenced as they exist on the effective
date of the final rule.

[52 FR 21437, June 5, 1987, as amended at 56 FR 23229, May 21, 1991; 57 FR 24960, June 12, 1992; 58 FR 30991, May 28,
1993, 58 FR 34205, June 23, 1993; 59 FR 46356, Sept. S, 1994; 60 FR 31922, June 19, 1995; 60 FR 50433, Sept. 29, 1995;
60 FR 56955, Nov. 13, 1995; 62 FR 35105, June 30, 1997]

[TOP]
§766.38 Reporting on precursor chemical substances.

(a) Identification of precursor chemical substances. Precursor chemical substances are produced under
conditions that wil l not yield HDDs and HDFs, but their molecular structure is conducive to HDD/HDF
formation under favorable reaction conditions when they are used to produce other chemicals or
products. The following precursor chemical substances are identified by Chemical Abstract Service
(CAS) number and name.

CAS No. Chemical name

85-22-3 Pentabromoethylbenzene.
87-61-6 1, 2 , 3-Trichlorobenzene .
87-84-3 1,2,3,4, 5-Pentabromo- 6 -chloro-

cyclohexane.
89-61-2 1, 4-Dichloro-2-nitrobenzene .
89-64-5 4 -Chloro-2-nitrophenol .
89-69-0 2,4, 5-Trichloronitrobenzene .
92-04-6 2-Chloro-4-phenylphenol .
94-74-6 4-Chloro-o-toloxy acetic acid.
94-81-5 4-(2-Me thy 1-4 -chlorophenoxy) butyric

acid.
95-50-1 o-Dichlorobenzene .
95-56-7 o-Bromophenol .
95-57-8 o-Chlorophenol .
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9 5 - 8 8 - 5 4-Chlororesorcinol .
9 5 - 9 4 - 3 1 , 2 , 4 , 5-Tetrachlorobenzene .
9 7 - 5 0 - 7 5-Chloro-2 , 4 - dime thoxyani line .
9 9 - 3 0 - 9 2 , 6-Dichloro-4-nitroanil ine .
9 9 - 5 4 - 7 1, 2-Dichloro-4-nitrobenzene .
1 0 6 - 4 6 - 7 p-Dichlorobenzene .
1 0 8 - 7 0 - 3 1 ,3 , 5-Trichlorobenzene .
108-86-1 Bromobenzene .
1 0 8 - 9 0 - 7 Chlorobenzene .
117-18-0 1 , 2 , 4 , 5-Tetrachloro-3-nitrobenzene .
1 2 0 - S 2 - 1 1, 2, 4-Trichlorobenzene.
348-51-6 o-Chorof luorobenzene .
3 5 0 - 3 0 - 1 3-Chloro-4- f luoronitrobenzene .
615-67-8 Chlorohydroquinone .
6 2 6 - 3 9 - 1 1,3, 5-Tribromobenzene .
8 2 7 - 9 4 - 1 2, 6-Dibromo-4-nitroanil ine .

(b) Persons required to report. All persons who manufacture or import a chemical product produced
using any of the chemical substances listed in paragraph (a) of this section as feedstocks or
intermediates must report no later than September 29, 1987. Small manufacturers and those
manufacturers and importers who produce the precursor chemical substances in quantities of 100
kilograms or less per year only for research and development purposes are not required to report under
this section

(c) Data to be reported. Manufacturers and importers of chemical products made from precursor
chemical substances identified in paragraph (a) of this section must report process and reaction
condition data on Part II of EPA Form 7710-51 for each chemical product. A separate EPA Form
7710-51 must be submitted for each chemical product reported, and the precursor chemical substance
used must be identified. All forms must be submitted to EPA no later than September 29, 1987.

[52 FR 21437 June 5. 1987, as amended at 60 FR 31922, June 19, 1995]




